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for  additional  information.  The  source  of 
this  information  may  be  a  special  support 
package  from  the  originating  agency,  a 
personal  contact,  a  licensing  opportunity, 
or  a  backup  report  available  from  NTIS. 


Each  fact  sheet  also  is  perforated  to  allow 
for  easy  removal  for  those  subscribers  who 
may  wish  to  keep  a  special  fact  sheet  file  or 
route   to    others    in   their   organization 
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Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas — — 

(216)433-4000. 
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You  can  learn  more  about  this  technology  by  ord 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 
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Price  code:  A02 
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National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  22161 

(703)  487-4650 
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price  code  table  at  the  end 
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refrigerators,  heat  engines,  thermal 
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This  work  was  done  by  Emanuel  Tward  of  Caltech 

for  NASA's  Jet  Propulsion  Laboratory. 
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Agriculture  &  Food 

0526  Biological  Fungicide:  Iturin 

0527  Flax  Message:  New  Variety  for  the  Health  Conscious 

Computers 

0528  Magnetic  Tape  Handler  Enhances  Computer  Data 
Storage  Potential 

0529  Token  Ring  to  Multibus  II:  Adapter  Modules  for  Data 
Communication 

0530  Fourth  Generation  Languages  Report  Issued 

0531  Parallel  Inferencing  for  Rule-Based  Expert  Sys- 
tems— Hidden  parallelism  is  detected  and  exploited 
to  speed  execution. 

Software 

0532  Ada  Namelist  Package — This  program  accommo- 
dates different  kinds  of  variables  and  mismatches 
between  lists. 

0533  Computing  Confidence  Limits — Limits  and  the 
relationship  between  them  and  the  maximum- 
likelihood  value  are  plotted. 

0534  Source-Code-Analyzing  Program — This  program 
computes  statistics  that  characterize  a  given  FOR- 
TRAN program. 

Electrotechnology 

0535  Highly  Decoupled  Cosited  Antennas  (Licensing 
Opportunity) 

0536  Spread  Spectrum  Technology  -  Orthogonal  Code 
Division  Multiple  Access  Communications  Systems 

0537  Electronic  Enclosure  Improved 

0538  Improved  Sonar  Connector  Developed 

0539  Navy  Develops  Lightweight,  Low-cost  Antenna 
Element 

0540  Wave-Generating  Array  Developed 

0541  Current  Supply  Designed  for  High-Tc  Testing 

0542  Microstrip  Patch  Antenna  Developed 

0543  Dc-to-dc  Converter  Uses  Reverse  Conduction  of 
MOSFET's — Efficiency  is  greater  than  with  bipolar 
transistors  and  antiparallel  diodes. 

0544  Equal-Path,  Phase-Shifting,  Sample-Point  Inter- 
ferometer— Sensitivity  to  vibration  and  air  turbulence 
would  be  reduced. 

0545  Fast  Approximate  Analysis  of  Modified  Antenna 
Structure — Effects  of  modifications  on  path-length 
errors  can  be  computed  via  'short-cut'  algorithms. 


0546  Improving  Sparse-Aperture  Interferometric  Radiom- 
etry — A  pseudorandom  optimization  process  would 
increase  the  spatial  resolution. 

0547  Lateral-Grating  DFB  Laser — A  novel  distributed- 
feedback  laser  design  achieves  improved  wave- 
length discrimination  and  increased  coupling. 

0548  Multiple-Symbol  Differential  Detection  of  MPSK— 
Performance  would  approach  that  of  ideal  coherent 
detection. 

0549  Optical  Receiver  Based  on  Luminescent  Light 
Trapping — An  expensive  telescope  would  not  be 
necessary  to  gather  light  over  a  large  area. 

0550  Polarization  Filtering  of  SAR  Data — Optimum  filtering 
can  maximize  the  signal-to-noise  ratio  and  aid  in 
discrimination  between  targets. 

Testing  &  Instrumentation 

0551  Making  Measurements  on  High-Tc  Superconductors 

0552  Nonintrusive  Measurement  of  Temperature  of  LED 
Junction — The  temperature  is  inferred  from  the 
spectrum  of  the  emitted  light. 

0553  Optoelectronic  Ranging  Sensor  for  Robotic  Vehicle — 
Distance  would  be  inferred  from  texture  and  changes 
thereof  in  the  scene. 

0554  Reduced-Wiring  Tactile  Sensor — Analog  signals 
would  be  transmitted  via  fewer  connections  than 
would  be  needed  for  digital  signals. 


Software 

0555     Analyzing  Large  Reflector  Antenna  Structures- 


-This 


finite-element-analysis  program  is  flexible  and  easy 
to  use. 

Other  Items  of  Interest 

0602     Forming  YBa2Cu307-x  Superconductors  on  Copper 
Substrates — Mechanical  processing-always  difficult 
and  usually  impossible  with  superconductors-is  not 
necessary. 

0605     Passivation  of  High-Temperature  Superconductors — 
Simple  wet  chemical  processes  create  protective 
surface  layers. 


Energy 


0556  Sandia,  DOE  Launch  Photovoltaic  Concentrator 
Initiative 

0557  Behavior  of  NbSe3  Cathode  in  Rechargeable  Li 
Cell — Ac  impedance  measurements  were  made  at 
various  stages  in  the  reduction  of  NbSe3. 

0558  Solar  Concentrator  Has  Wider  Cone  of  Acceptance- 
Tolerance  to  manufacturing  and  aiming  errors  is 
increased. 
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Energy  (Cont.) 

0559  Zeolites  Remove  Sulfur  From  Fuels — Extraction 
proceeds  at  atmospheric  pressure  and  moderately 
high  temperature. 

Other  Items  of  Interest 
0561     Alcohol  Production 

Engineering 

0560  Engineering  Design  Criteria  for  Sub-Slab  Depressur- 
ization  Systems  in  Low-Permeability  Soils 

0561  Alcohol  Production 

0562  Cryogenic  Refrigerator  Improvements 

0563  Enhanced  Drilling  Performance  Using  Polyethylene 
Oxide 

0564  Parachute  Fly-Away  Deployment  Aid 

0565  Obtaining  Liquid  Neon  at  Lower  Costs 

0566  Anthropomorphic  Remote  Manipulator — A  telerobot 
has  arms,  hands,  and  finders  similar  to  those  of  a 
human. 

0567  Docking  System  With  Video  Feedback — No  commu- 
nication between  the  vehicles  is  necessary. 

0568  Optical  Modeling  of  Segmented  Mirror  Telescopes — 
Fabrication  and  alignment  errors  are  analyzed. 

0569  Rotary  Coupling  Extends  Life  of  Hose — The  coupling 
eliminates  fatigue  stress  at  the  fixed  end. 

0570  Simulation  of  Flow  in  a  Turbine  Cascade — A  lower- 
upper  implicit  scheme  and  interactive  generation  of 
grids  are  used. 

0571  Superconducting  Magnetic  Projectile  Launcher — 
Magnetic  flux  compressed  by  a  superconducting 
plunger  would  expel  a  small  projectile. 

0572  Using  Multiple  Grids  To  Compute  Flows — Applica- 
tions include  flows  in  turbomachinery  and  about 
helicopters. 

Software 

0573  Computing  Lives  and  Reliabilities  of  Turboprop 
Transmissions — A  modular  program  performs 
analyses  for  components  and  for  entire  systems. 

0574  Computing  RotationalA/ibrational  Dynamics  of 
Turbine  Engines — This  program  computes  transient 
and  steady-state  responses  to  applied  stimuli. 

0575  Simulating  the  Performance  of  a  Scramjet — The 
SCRAM  program  represents  a  compromise  among 
speed,  accuracy,  and  ease  of  modification. 

Testing  &  Instrumentation 

0576  Calculation  of  Pneumatic  Attenuation  in  Pressure 
Sensors — Errors  are  introduced  by  transmission 
along  narrow  tubes. 

Gauge  Measures  Thicknesses  of  Blankets — A  simple 
tool  is  easy  to  use. 

Three-Dimensional  Moire  Pattern — The  pattern 
apparent  to  the  observer  can  indicate  the  observer's 
position. 


0577 


0578 


Other  Items  of  Interest 

0587     Compact  Force-Reflecting  Hand  Controller — A  novel 
design  keeps  joints  mechanically  independent. 

Environmental  Science  &  Technology 

Software 

0579  Integrated  Air  Pollution  Control  System,  Version  4.0 

0580  Literature  Review  of  Greenhouse  Gas  Emissions 
from  Biogenic  Sources 

Other  Items  of  Interest 

0560     Engineering  Design  Criteria  for  Sub-Slab  Depressur- 
ization  Systems  in  Low-Permeability  Soils 

0616     Nitrous  Oxide  in  the  Antarctic  Stratosphere — Data 
are  reported  for  the  southern  ozone  hole. 

Manufacturing,  Machinery  &  Tools 

0581  Environmentally  Acceptable  Materials,  Treatments 
and  Processes  Mantech  Thrust 

0582  PDES  Testbed 

0583  Solutions  to  Manufacturing  Problems  Only  A  Modem 
Away  Through  The  BMP  Data  Base 

0584  Alignment  Tool  for  Inertia  Welding — A  drive  bar  is 
aligned  faster  and  more  accurately. 

0585  Bar-Code-Scribing  Tool — A  hand-held  tool  would 
mark  indelible  bar  codes. 

0586  'Bearingless'  Bull  Gear — Weight  could  be  reduced 
substantially. 

0587  Compact  Force-Reflecting  Hand  Controller — A  novel 
design  keeps  joints  mechanically  independent. 

0588  Ion  Processes  Modify  Tribological  Properties  of 
Surfaces — Treatments  reduce  friction  and  increase 
resistance  to  wear. 

0589  Laser  Welding  of  Contoured  Thin-Wall  Housings — 
Superalloy  parts  are  joined  with  less  distortion. 

0590  Magnetic  Deflection  of  Welding  Electron  Beam — The 
beam  is  redirected  so  that  it  strikes  the  workpiece  at 
an  effective  angle. 

0591  Multipiece  Mandrel  for  Spray-Forming  Complex 
Parts — The  segmented  mandrel  is  removable  and 
reusable. 

Software 

0592  Automan  2.0  Makes  Automation  Decisions  Easier 
With  Sensitivity  Graphics 

Testing  &  Instrumentation 

0593  Stereoscopic  Video  Weld-Seam  Tracker — An 
electronic  system  locates  nearly  invisible  butt  joints. 

Other  Items  of  Interest 

0600     Fabrication  of  Ceramic  Mats — A  slurry  of  ceramic 
powder,  binder,  and  solvent  would  be  extruded 
through  a  spinneret. 
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Materials 

0594  Increasing  Cotton's  Nonwoven  Market 

0595  Ignition  Characteristics  Studied 

0596  New  Molten  Salts  Database  Available  for  PC  Users 

0597  Standard  Available  for  Metal  Producers 

0598  Effects  of  Moisture  on  Zinc  Orthotitanate  Paint — 
Electrical  conductivity  varies  with  humidity. 

0599  Electrochemical  Deposition  of  Conductive  Copoly- 
mers— Adherent  films  have  desirable  electrical  and 
mechanical  properties. 

0600  Fabrication  of  Ceramic  Mats — A  slurry  of  ceramic 
powder,  binder,  and  solvent  would  be  extruded 
through  a  spinneret. 

0601  Formation  of  Ohmic  Gold  Contacts  on  Epitaxial 
GaAs — Keeping  the  wafer  in  vacuum  until  metalliza- 
tion prevents  the  formation  of  rectifying  contacts. 

0602  Forming  YBa2Cu307-x  Superconductors  on  Copper 
Substrates — Mechanical  processing-always  difficult 
and  usually  impossible  with  superconductors-is  not 
necessary. 

0603  Impact  Damage  in  Carbon/Epoxy  and  Carbon/PEEK 
Composites — PEEK  specimens  showed  less 
delamination  than  did  epoxy  specimens  at  a  given 
impact  energy. 

0604  Mechanically  Oriented,  Low-Curie-Temperature 
Materials — Stronger  permanent  magnets  would  be 
made  by  metallurgical  techniques. 

0605  Passivation  of  High-Temperature  Superconductors — 
Simple  wet  chemical  processes  create  protective 
surface  layers. 

0606  SiOx  Protective  Coat  for  Polyimide  Sheet— The 
surface  film  would  protect  the  substrate  from 
bombardment  by  atomic  oxygen. 

Other  Items  of  Interest 

0551     Making  Measurements  on  High-Tc  Superconductors 

0588     Lon  Processes  Modify  Tribological  Properties  of 

Surfaces — ^Treatments  reduce  friction  and  increase 
resistance  to  wear. 

Medicine  &  Biology 

0607  Chance  Discovery  To  Aid  Muscle  Research 

0608  Positron  Enzyme  Imaging  Method 

0609  Synthetic  Agents  for  Heavy  Metal  Removal 

0610  Complex  Carbohydrate  Research  Center 

061 1  Avoiding  Cataracts 

0612  Flight  Checklists  and  Interruptions — How  a  crew 
handles  interruptions  affects  safety. 

0613  More  Life-Science  Experiments  for  Spacelab — 
Research  is  planned  on  cardiovascular,  vestibular, 
metabolic,  and  thermal  responses  of  animals  in 
weightlessness. 


0614  Processing  of  Visual  Information  in  Primate  Brains — 
Processing  strategies  and  pathways  of  the  macaque 
are  analyzed. 

0615  Physiology  of  Prolonged  Bed  Rest — Deconditioning 
proceeds  concurrently  with  healing. 

Other  Items  of  Interest 

0526     Biological  Fungicide:  Iturin 

0621      Electrostatic  Stabilization  of  Growing  Protein  Crys- 
tals— A  proposed  technique  would  produce  large 
crystals  in  a  compact,  economical  apparatus. 

Natural  Resources  Technology  & 
Engineering 

0616  Nitrous  Oxide  in  the  Antarctic  Stratosphere — Data 
are  reported  for  the  southern  ozone  hole. 

Other  Items  of  Interest 

0550     Polarization  Filtering  of  SAR  Data — Optimum  filtering 
can  maximize  the  signal-to-noise  ratio  and  aid  in 
discrimination  between  targets. 

Physical  Sciences 

0617  Laboratory  Source  of  Tunable  XUV,  Soft  X-Rays 
Developed 

0618  Ionizing  Radiation  Calibration  Program  Available 

0619  Method  to  Identify  Laser  Light  Sources 

0620  Adsorbent  Removes  Traces  of  Oxygen — Specially 
treated  carbon  extracts  oxygen  from  gas  mixtures. 

0621  Electrostatic  Stabilization  of  Growing  Protein  Crys- 
tals— A  proposed  technique  would  produce  large 
crystals  in  a  compact,  economical  apparatus. 

0622  Platinum/Tin  Oxide/Silica  Gel  Catalyst  Oxidizes  CO— 
High  surface  area  and  chemisorption  of  water 
contribute  to  effectiveness  and  long  life. 

0623  Reactions  of  Atomic  Oxygen  [0(3P)]  With 
Polybutadienes — Vinyl  groups  exert  a  strong  protec- 
tive effect. 

Testing  &  Instrumentation 

0624  Point-Diffraction  Interferometer  for  Flow  Experi- 
ments— The  optical  train  is  improved  to  accommo- 
date higher  laser  powers. 

Other  Items  of  Interest 

0559     Zeolites  Remove  Sulfur  From  Fuels — Extraction 

proceeds  at  atmospheric  pressure  and  moderately 
high  temperature. 

0596     New  Molten  Salts  Database  Available  for  PC  User 
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Transportation  &  Components 

0625  Laminar=Separation  Sensor — An  advanced  method 
for  measuring  transitions  resolves  reversals  of  flow 
with  high  spatial  resolution. 

Software 

0626  Computing  Linear  Mathematical  Models  of  Aircraft — 
Nonlinear  equations  of  motion,  sensing,  and  control 
are  linearized  about  specified  points. 

Other  Items  of  Interest 

0612     Flight  Checklists  and  Interruptions — How  a  crew 
handles  interruptions  affects  safety. 


Agriculture  &  Food 


0526  Biological  Fungicide:  Iturin 

0527  Flax  Message:  New  Variety  for  the  Health  Conscious 


Research  Technology 

Agricultural  Research  Service 

^    U.S.  Department  of  Agriculture 


Biological  Fungicide:  Iturin 


A  bacterial  byproduct  could  become  a 
replacement  for  chemical  fungicides  used 
to  control  field  and  storage  molds, 
including  the  atlatoxin  producer  Asper- 
gillus flavus. 

The  substance,  called  iturin,  is  actu- 
ally a  mixture  of  about  eight  similar 
compounds  produced  by  a  number  of 
Bacillus  bacterial  species. 

"The  compound  is  a  good  fungicide. 
But  the  trick  is  to  find  or  create  a  Bacil- 
lus strain  that  will  produce  iturin  in  large 
enough  quantities  to  make  it  commer- 
cially feasible,"  says  ARS  plant  physi- 
ologist Alan  R.  Lax,  who  is  studying 
iturin's  potential  along  with  chemist  John 
M.  Bland  and  microbiologist  Maren  A. 
Klich  at  the  Southern  Regional  Re- 
search Center  in  New  Orleans. 

The  three  looked  at  dozens  of  bacte- 
rial products  before  settling  on  iturin  to 
develop  as  a  fungicide. 

"We  were  looking  for  one  that 
would  target  harmful  fungi,  cause  no 
environmental  damage,  and  be  produc- 
ible on  the  same  economic  scale  as  the 
old  chemical  choices,"  Bland  says. 

A  biological  fungicide  has  to  be  hot, 
fast,  and  cheap,"  Lax  adds,  "if  it's  ever 
going  to  be  a  commercial  product." 

In  laboratory  experiments,  very  low 
concentrations  of  iturin  have  proven 
effective  against  a  broad  spectrum  of 
fungi  that  includes  Penicillium  itali- 


cum.  a  pathogen  of  stored  citrus:  P. 
expansum,  which  causes  storage  rot  in 
apples;  aflatoxin-producer  Aspergillus 
flavus;  and  Fusarium  moniliforme,  a 
grain-attacking  mold  that  is  toxic  to 
chickens  and  horses. 

The  team  is  basically  looking  at 
iturin  for  use  as  a  fungicidal  seed 
coating.  Losses  in  the  seed  industry 
due  to  soilbome  fungal  pathogens  may 
amount  to  $4  billion  each  year. 

They  are  also  investigating  its  po- 
tential to  prevent  decline  of  feed 
quality  caused  by  contamination  with 
mycotic  fungi. 

Currently,  the  team  is  trying  to 
optimize  the  growing  conditions  for 
producing  iturin  and  selecting  the  best 
potential  producer. 

"Iturin  producers  don't  tend  to  be 
fussy  organisms,  but  growing  condi- 
tions do  affect  the  yield,"  says  Klich. 

The  team  doesn't  really  expect  to 
find  a  bacterial  strain  immediately  that 
will  produce  commercial  levels.  Once 
they  settle  on  one  source  as  the  starting 
point,  they  will  begin  experiments  to 
breed  a  better  strain  either  by  natural 
selection  or  artificial  treatments. 

Eventually,  the  scientists  expect  to 
enter  into  a  research  and  development 
agreement  with  a  company  that  would 
market  the  biological  fungicide. 


FOR  ADDITIONAL  INFORMATION:  Alan  Lax,  John  M.  Bland,  and  Maren  A.  Klich  are  at  the  US  DA- ARS 
Southern  Regional  Research  Center,  P.O.  Box  19687,  New  Orleans,  LA  70179;  (504)286-4200. 


526 


Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Flax  Message:  New  Variety  for  the  Health  Conscious 


Omega  is  the  newest  high-yielding 
flax  variety  suited  for  breadmaking.  It 
may  become  a  hit  all  the  way  from  the 
farm  to  dinner  tables  in  the  United 
States  and  abroad  in  the  early  1990's  as 
seed  becomes  available  to  growers. 
The  variety  gets  its  name  from  omega- 
3,  a  family  of  fatty  acids  that  are 
abundant  in  flax  and  fish  oils. 

In  contrast  to  the  brown  seeds  of 
most  flax  varieties.  Omega's  seeds 
with  a  golden  tint  look  somewhat 
similar  to  sesame  seeds. 

Some  of  the  64,000  tons  of  flax  seed 
currently  marketed  to  satisfy  European 
palates  is  sprinkled  whole  onto  salads 
and  other  foods.  But  most  is  ground 
and  blended  into  flour,  where  it  adds  a 
nutty  taste  to  bread  and  contributes  a 
whole  wheat  appearance  and  texture. 
Such  breads  could  become  more 
popular  as  people  seek  health  benefits 
from  the  seed's  fiber  and  oil,  says  Jack 
F.  Carter,  president  of  the  Flax  Insti- 
tute, Fargo,  North  Dakota. 

In  agronomic  tests,  geneticists  Jerry 
F.  Miller  of  ARS  and  James  J.  Ham- 
mond of  North  Dakota  State  Univer- 
sity, Fargo,  found  that  Omega  pro- 
duced oil  yields  similar  to  those  of 
brown-seeded  varieties  and  32  percent 
more  than  Foster.  Foster  is  the  only 
other  yellow-seeded  flax  recommended 


for  planting  in  North  and  South  Dakota. 

Omega  is  distinguished  as  the  first 
yellow-seeded  variety  with  multiple 
genes  for  resisting  all  prevalent  races 
of  rust  diseases  in  North  America. 

Brown-seeded  varieties  are  intended 
mainly  for  linseed  oil  used  in  industrial 
products  such  as  paints.  The  United 
States  now  produces  about  a  third  of  its 
own  flax  and  meets  most  of  its  remain- 
ing needs  with  imports  from  Canada. 

Flax  seed  is  sold  in  health  food 
stores,  and  a  few  bakeries  now  market 
bread  containing  flax. 

The  seed's  omega-3  fatty  acid, 
known  as  alpha-linolenic,  is  also 
present  in  soybean  and  some  other 
vegetable  oils,  although  in  much  lower 
amounts.  This  fatty  acid  can  be  con- 
verted by  the  human  body  to  fatty  acids 
like  those  in  fish  oil.  Some  researchers 
have  suggested  that  consuming  moder- 
ate amounts  of  omega-3  fatty  acids  and 
avoiding  high-fat  diets  may  help  reduce 
a  person's  tendency  to  develop  cardio- 
vascular disease. 

How  soon  can  consumers  buy  breads 
containing  Omega  flax  seeds  or  bake 
such  breads  in  their  own  ovens?  Proba- 
bly not  for  2  years  or  more,  since  less 
than  100  acres  of  certified  seed  was 
planted  in  1990.  Large  amounts  cannot 
reach  the  market  until  1992. 


FOR  ADDITIONAL  INFORMATION:  Jerry  F.  Miller  is  in  USDA-ARS  Oilseeds  Research,  Northern  Crop 
Science  Laboratory,  P.O.  Box  5677  University  StaUon,  Fargo,  ND  58105;  (701)239-132L 
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0528  Magnetic  Tape  Handler  Enhances  Computer  Data  Storage  Potential 

0529  Token  Ring  to  Multibus  II:  Adapter  Modules  for  Data  Communication 

0530  Fourth  Generation  Languages  Report  Issued 

0531  Parallel  Inferencing  for  Rule-Based  Expert  Systems — Hidden  parallelism 
is  detected  and  exploited  to  speed  execution. 

Software 

0532  Ada  Namelist  Package — This  program  accommodates  different  kinds  of 
variables  and  mismatches  between  lists. 

0533  Computing  Confidence  Limits — Limits  and  the  relationship  between 
them  and  the  maximum-likelihood  value  are  plotted. 

0534  Source-Code-Analyzing  Program — This  program  computes  statistics 
that  characterize  a  given  FORTRAN  program. 


t 


^    Technology  Application 


Fermi  National  Accelerator  Laboratory 

Magnetic  Tape  Handler  Enhances  Computer  Data 
Storage  Potential 

The  8mm  magnetic  tapes  used  in  video  recorders  are  an  economical  method  for  storing  high 
volumes  of  data  on  computers.  A  single  cassette  can  hold  about  2,000  megabytes  of  data,  roughly 
the  same  amount  of  data  that  can  be  recorded  on  twelve  of  the  much  larger  nine  track  tape  reels. 
The  large  tape  reels  require  enormous  amounts  of  space  for  storage  and  are  being  phased  out  in 
favor  of  the  smaller  increasingly  popular  cassettes. 

As  part  of  the  research  and  development  activities  of  the  Fermilab  Computing  Division,  a 
Multiple  8mm  Digital  Tape  Handler  was  developed  by  mechanical  engineer,  Carl  Lindenmeyer. 
It  is  a  tape  handling  device  which  can  automatically  insert  and  remove  up  to  twelve  tape 
cassettes  from  a  portable  magazine  coupled  to  a  standard  Exabyte  tape  drive.  The  device  features 
a  bar  code  reader  which  enables  random  selection  of  the  tapes.  When  fully  loaded  with  twelve 
cassettes,  it  has  enough  capacity  for  unattended  recording  for  at  least  24  hours.    It  provides 
greater  recording  capacity  and  convenience  at  substantially  lower  cost  than  currently  marketed 
systems. 

The  Fermilab  Office  of  Research  and  Technology  Application  projects  commercial  potential  for 
this  device  in  the  area  of  economical  high  volume  data  storage  for  computing  including  personal 
computers.    A  licensing  opportunity  exists  on  this  device.      For  further  information,  contact 
John  Venard,  Licensing  Officer. 

FOR  ADDITIONAL  INFORMATION:  Office  of  Research  and  Technology  Applications,  Fermi  National 
Accelerator  Laboratory,  P.O.  Box  500,  MS  208,  Batavia,  IL  60510;  (312)840-3333.     Refer 
to    FAA-535/TN. 
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Technology  Application 


Fermi  National  Accelerator  Laboratory 

Token  Ring  to  Multibus  II:  Adapter  Modules  for  Data 
Communication 


Multibus  II  is  a  synchronous,  32-bit  bus  oriented  toward  linking  CPU  Processors.  It  is  an 
EEEE  standard  that  is  about  three  years  old.  Token  Ring  is  a  local  area  network  developed  by 
IBM  and  others.  It  allows  small  computers  to  talk  to  each  other.  It  is  currently  used  in  the  Fer- 
milab  Accelerator  Control  Room  for  shipping  information  from  front-end  devices  to  VAXs.  The 
network  is  being  extended  around  the  main  ring  turmel. 

A  board  has  been  developed  using  a  commercially  available  prototype  board  from  Micro 
Industries  to  link  Multibus  II  and  Token  Ring.  The  invention  uses  a  novel  "granddaughter" 
board  that  attaches  to  the  commercial  board  by  replacing  a  DMA  controller  in  its  socket.  The 
same  circuitry  could  be  readily  adapted  to  a  unique,  single  purpose  board.  The  technology  is 
publicly  available  without  a  license. 


FOR  ADDITIONAL  INFORMATION:  Office  of  Research  and  Technology  Applications,  Fermi  National 
Accelerator  Laboratory,  P.O.  Box  500,  MS  208,  Batavia,  IL  60510;  (312)840-3333.     Refer 
to    FAA-595/TN. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Fourth  Generation  Languages  Report  Issued 


Use  of  fourth  generation  languages  (4GL)  has  increased  in  data  processing  organizations,  especially  where  end- 
users  take  on  more  programming  responsibility  (4GL  generally  refers  to  non-procedural,  end-user-oriented 
computer  languages).  Since  no  standards  exist  for  4GL,  managers  who  select  a  given  4GL  need  a  method  to 
determine  how  well  it  will  meet  organizational,  application,  and  user  requirements.  This  60-page  report. 
Functional  Benchmarks  for  Fourth  Generation  Languages,  contains  functional  benchmarks  (as  opposed  to 
performance  benchmarks),  which  consist  of  a  testing  method  and  descriptions  of  tests  to  evaluate  a  particular  4GL. 
There  are  two  levels  of  test  result  evaluation:  the  ability  of  the  4GL  to  perform  a  task;  and  the  ease  of  performing 
it. 

FOR  ADDITIONAL  INFORMATION:  Available  from  the  National  Technical  Information  Service,  Springfield 
VA  22161;  (703)487-4600.  Order  by  PB91-167387NAC  for  $17  prepaid. 
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Parallel  Inferencing  for  Rule-Based  Expert  Systems 

Hidden  parallelism  is  detected  and  exploited  to  speed  execution. 


An  improved  approach  to  the  develop- 
ment of  expert-system  computer  programs 
is  expected  to  increase  the  speed  of  ex- 
ecution on  parallel  processors;  that  is,  on 
multiple  coordinated  computers  operating 
simultaneously,  each  on  a  different  part  of 
a  problem.  Heretofore,  expert-system  pro- 
grams for  parallel  processors  have  con- 
tained production  systems  (software  sys- 
tems based  on  "if. ..then..."  rules)  that 
have  not  exploited  the  full  potential  for 
speedup  over  a  single  sequential  proc- 
essor because  they  have  been  written  in 
serial  languages  and  designed  to  exploit 
only  obvious  sources  of  parallelism.  The 
new  approach  is  based  on  the  detection 
and  analysis  of  hidden  parallelism  in  knowl- 
edge bases  (collections  of  "if. ..then..." 
rules)  and  the  exploitation  of  this  paral- 
lelism to  maximize  the  speed  of  execution 
on  parallel  processors  connected  to  each 
other  in  a  hypercube  configuration. 

A  typical  expert-system  program  follow- 
ing the  previous  approach  provides  for  a 
knowledge  base,  a  working  memory,  and 
an  inference  engine.  Such  a  system  oper- 
ates in  a  three-phase  inference-engine  cy- 
cle: (1)  match  production  rules;  (2)  resolve 
conflicts  and  select  a  rule;  (3)  fire  a  rule. 
An  expert-system  program  following  the 
new  approach  includes  a  parallelism  ma- 
trix and  a  communication  matrix  in  addi- 
tion to  the  other  features,  and  it  operates 
in  a  four-phase  inference-engine  cycle:  (1) 
match  production  rules;  (2)  resolve  con- 
flicts and  select  multiple  rules;  (3)  broad- 
cast selections;  (4)  fire  selected  rules. 

The  parallelism  and  communication 
matrices  indicate  inherent  (and  sometimes 
hidden)  parallelism  and  requirements  for 
communication,  respectively,  and  are  ob- 
tained by  analyzing  dependencies  among 
rules.  Relevant  dependencies  include  de- 
pendence on  input,  dependence  on  out- 
put, and  dependence  on  communication. 
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Host-Processor 
Part  of  Inference  Engine 

Parallelism 
Matrix 

Conflict 
Resolver 

Broadcaster 

\  Working  Memory   | 

Nodes 

Node  0 

Node1 

Node  2 

... 

Node  N-1 1 

Knowledge  Base 

Working  Memory 

1               1              I----I 

Communication  Matrix 

1    1 

J 

L — 1 

U>r-I 

Nodal  Part  of  Inference  Engine 


Matcfier 


Rule  Firer 


Parts  of  the  Expert-System  Software  are 

allocated  to  the  various  processors  in  a 
hypercube  connputer  in  such  a  way  as  to 
exploit  the  potential  for  speedup  in  parallel 
processing. 

An  element  p,  of  the  parallelism  matrix  is 

0  if  rules  /and /can  be  fired  in  parallel  and 

1  if  they  cannot.  An  element  c^  of  the 
communication  matrix  is  0  if  rules  /  and 
/  can  be  allocated  to  different  processors 
and  fired  without  passing  messages  to  re- 
port changes  to  the  working  memory;  that 
is,  if  rules  /■  and  /  do  not  depend  on  input 
or  communication.  Otherwise,  c,   =  1. 

The  knowledge  base,  the  working  mem- 
ory, and  the  communication  matrix  are 
distributed  among  the  N  nodes  of  a  hyper- 
cube computer.  The  parallelism  matrix  is 
located  in  a  host  processor  that  controls 
the  processors  at  the  nodes  (see  figure). 
The  inference  engine  is  partially  located 


in  the  host  and  partially  distributed  among 
the  nodes.  The  production  rules  are  dis- 
tributed among  the  nodes  to  obtain  max- 
imum parallelism. 

Conflicts  are  resolved  in  the  host  proc- 
essor. Several  strategies  for  the  resolution 
of  conflicts  are  undergoing  investigation. 
One  is  to  perform  a  sequential-type  resolu- 
tion by  selecting  the  "best"  one  of  the  con- 
flicting rules,  then  use  this  "best"  rule  in 
conjunction  with  the  parallelism  matrix  to 
determine  the  maximum  number  of  re- 
maining rules  that  can  be  fired  in  parallel 
with  the  "best"  rule. 

This  work  was  done  by  Ursula  M. 
Schwuttke  of  Caltech  and  Dan  Moldovan 
and  Steve  Kuo  of  USC  for  NASA's  Jet 
Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  ^ 
Inquiries  concerning  nonexclusive  or  ^ 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL  Refer  to  NPO-18004/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  tVlcCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
t\/lgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Ada  Namelist  Package 

This  program  accom- 
modates different  kinds 
of  variables  and 
mismatches  between  lists. 


The  Ada  Namelist  Package,  developed 
for  the  Ada  programnning  language,  ena- 
bles a  calling  program  to  read  and  write 
FORTRAN-style  namelist  files.  A  namelist 
file  consists  of  any  number  of  assignment 
statements  in  any  order  Features  of  the 
Ada  Namelist  Package  are  as  follows:  the 
handling  of  any  combination  of  types  de- 
fined by  the  user;  the  ability  to  read  vec- 
tors, matrices,  and  slices  of  vectors  and 
matrices;  the  handling  of  mismatches  be- 
tween variables  in  the  namelist  file  and 
those  in  the  programmed  list  of  namelist 
variables;  and  the  ability  to  avoid  searching 
the  entire  input  file  for  each  variable. 

The  principal  benefits  derived  by  the 
user  from  this  software  are  the  following: 
the  ability  to  read  and  write  namelist-read- 
able  files,  the  ability  to  detect  most  file  er- 
rors in  the  initialization  phase,  and  an 


organization  that  keeps  the  number  of  in- 
stantiated units  to  a  few  packages  rather 
than  to  many  subprograms. 

The  Ada  Namelist  Package  program  is 
organized  similarly  to  the  TEXT_IO  pro- 
gram. The  package  itself  is  nongeneric.  The 
nongeneric  opening  portion  declares  a  va- 
riety of  constants  accessible  to  the  user, 
variables,  and  subprograms  for  initializing 
a  namelist,  reading  and  writing  strings,  and 
diagnosing  errors.  Following  the  opening 
portion  are  a  group  of  nested  generic  pack- 
ages for  reading  and  writing  (1)  variables 
of  types  defined  by  the  user  including  in- 
teger floating-point,  fixed-point,  and  enu- 
meration; and  (2)  arrays  including  vectors, 
nnatrices,  and  slices  of  vectas  and  matrices. 

The  source  code  is  available  as  ASCII 
text  files  on  a  360K,  5.25-in.  (13.3-cm)  flop- 
py disk  written  on  an  IBM/AT  personal  com- 


puter running  under  PC  DOS,  v  3.1.  The 
size  of  the  largest  file  is  91 ,551  bytes.  The 
software  was  developed  using  VAX  Ada, 
V  1.5  under  DEC  VMS,  v  4.5.  It  should  be 
portable  to  any  validated  Ada  compiler  and 
it  should  be  executable  either  interactive- 
ly or  in  batch.  The  software  was  developed 
in  1989. 

This  program  was  written  by  Allan  R. 
Klumpp    of   Caltech    for   NASA's    Jet 
Propulsion  Laboratory. 
NPO-17984/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC* 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 

(404)  542-3265 
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Computing 
Confidence  Limits 

Limits  and  tine  relationship 
between  them  and  the 
maximum-likelihood 
value  are  plotted. 

The  Confidence  Limits  Program  (CLP) 
calculates  the  upper  and  lower  confidence 
limits  associated  with  the  observed  out- 
come of  N  independent  trials  with  M  oc- 
currences of  the  event  of  interest.  CLP  cal- 
culates the  probability  of  the  event  of  in- 
terest for  confidence  levels  of  50,  55,  60, 
65,  70,  75,  80,  85,  90,  95,  96,  97,  98,  and 
99  percent.  The  program  provides  a  graphi- 


cal presentation  of  all  the  limits  and  how 
they  relate  to  the  maximum-likelihood  value. 

CLP  is  written  in  IBM  PC  BASIC  and  has 
been  implemented  on  an  IBM  personal 
computer  operating  under  DOS  2.1  with  a 
central-memory  requirement  of  67K  bytes. 
The  program  was  developed  in  1987. 

This  program  was  written  by  Robert  E. 
Biggs  of  Rockwell  International  Corp.  for 


Marshall  Space  Flight  Center. 

MFS-29476/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 

(404)  542-3265 
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Source-Code- 
Analyzing  Program 

This  program  computes 
statistics  that  characterize  a 
given  FORTRAN  program. 


The  FORTRAN  Static  Source  Code  Ana- 
lyzer program,  SAP  was  developed  to  gather 
statistics  automatically  on  the  occurrences 
of  statements  and  structures  within  a  FOR- 
TRAN program  and  to  provide  for  the  report- 
ing of  those  statistics.  Provisions  have  been 
made  to  weight  each  statistic  and  to  pro- 
vide an  overall  figure  of  complexity.  Sta- 
tistics, as  well  as  figures  of  complexity,  are 
gathered  on  a  nnodulety-module  basis.  Over- 
all summed  statistics  are  also  accumulated 
for  the  complete  input  source  file. 

SAP  accepts,  as  input,  syntactically  cor- 
rect FORTRAN  source  code  written  in  the 
FORTRAN  77  standard  language.  In  addi- 
tion, code  written  by  use  of  features  in  the 


following  languages  is  also  accepted:  VAX- 
11  FORTRAN;  IBM  S/360  FORTRAN  IV  L£vel 
H  Extended;  and  Structured  FORTRAN. 

The  SAP  program  uses  two  external  files 
in  its  analysis  procedure.  A  keyword  file  pro- 
vides flexibility  in  classifying  statements  and 
in  marking  a  statement  as  either  executable 
or  nonexecutable.  A  statistical-weight  file  en- 
ables the  user  to  assign  weights  to  all  out- 
put statistics,  thus  allowing  the  user  flexibili- 
ty in  defining  the  figure  of  complexity. 

The  SAP  program  is  written  in  FORTRAN 
IV  for  batch  execution  and  has  been  imple- 
mented on  a  DEC  VAX-series  computer 
under  VMS,  and  on  an  IBM  370-series  Com- 
puter under  MVS.  The  SAP  program  was 


developed  in  1978.  The  VAX  and  IBM  ver- 
sions were  last  updated  in  1985. 

This  program  was  originally  written  by 
staff  from  Goddard  Space  Flight  Center 
with  support  from  Computer  Science  Cor- 
poration. Point  of  contact  is  Linda  Jun  of 
Goddard  Space  Flight  Center. 
GSC-13268/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 

(404)  542-3265 
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0535  Highly  Decoupled  Cosited  Antennas  (Licensing  Opportunity) 

0536  Spread  Spectrum  Technology  -  Orthogonal  Code  Division  Multiple 
Access  Communications  Systems 

0537  Electronic  Enclosure  Improved 

0538  Improved  Sonar  Connector  Developed 

0539  Navy  Develops  Lightweight,  Low-cost  Antenna  Element 

0540  Wave-Generating  Array  Developed 

0541  Current  Supply  Designed  tor  High-Tc  Testing 

0542  Microstrip  Patch  Antenna  Developed 

0543  Dc-to-dc  Converter  Uses  Reverse  Conduction  of  MOSFET's — Efficiency 
is  greater  than  with  bipolar  transistors  and  antiparallel  diodes. 

0544  Equal-Path,  Phase-Shifting,  Sample-Point  Interferometer — Sensitivity  to 
vibration  and  air  turbulence  would  be  reduced. 

0545  Fast  Approximate  Analysis  of  Modified  Antenna  Structure — Effects  of 
modifications  on  path-length  errors  can  be  computed  via  'short-cut' 
algorithms. 

0546  Improving  Sparse -Aperture  Interferometric  Radiometry — A 
pseudorandom  optimization  process  would  increase  the  spatial 
resolution. 

0547  Lateral-Grating  DFB  Laser — A  novel  distributed-feedback  laser  design 
achieves  improved  wavelength  discrimination  and  increased  coupling. 

0548  Multiple-Symbol  Differential  Detection  of  MPSK — Performance  would 
approach  that  of  ideal  coherent  detection. 

0549  Optical  Receiver  Based  on  Luminescent  Light  Trapping — An  expensive 
telescope  would  not  be  necessary  to  gather  light  over  a  large  area. 

0550  Polarization  Filtering  of  SAR  Data — Optimum  filtering  can  maximize  the 
signal-to-noise  ratio  and  aid  in  discrimination  between  targets. 

Testing  &  Instrumentation 

0551  Making  Measurements  on  High-Tc  Superconductors 

0552  Nonintrusive  Measurement  of  Temperature  of  LED  Junction — The 
temperature  is  inferred  from  the  spectrum  of  the  emitted  light. 

0553  Optoelectronic  Ranging  Sensor  for  Robotic  Vehicle — Distance  would  be 
inferred  from  texture  and  changes  thereof  in  the  scene. 

0554  Reduced-Wiring  Tactile  Sensor — Analog  signals  would  be  transmitted 
via  fewer  connections  than  would  be  needed  for  digital  signals. 

Software 

0555  Analyzing  Large  Reflector  Antenna  Structures — This  finite-element- 
analysis  program  is  flexible  and  easy  to  use. 

Ottier  Items  of  Interest 

0602  Forming  YBa2Cu307-x  Superconductors  on  Copper  Substrates- 
Mechanical  processing-always  difficult  and  usually  impossible  with 
superconductors-is  not  necessary. 

0605     Passivation  of  High-Temperature  Superconductors — Simple  wet 
chemical  processes  create  protective  surface  layers. 
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Army  Communications-Electronics  Command 

Highly  Decoupled  Coslted  Antennas 


It  is  the  primary  object  of  the  present  invention  to  provide  high 
i  nterantenna  isolation  between  closely  spaced  antennas.   A  rela.ted 
object  of  the  invention  is  to  obtain  a  very  high  decoupling  between 
antennas  separated  by  only  a  fraction  of  a  wavelength  iov&r    the 
operative  frequency  band)  without  significant  impairment  of  the 
equatorial  plane  rotation  pattern.   The  achievement  of  the  foregoing 
objects  is  based  on  significantly  minimizing  the  radiation  coupling 
betv-jeen  cosited  antennas  by  separating  the  antenna  near-fields  and 
by  suppressing  extraneous  par ^^si  tic  rf  currents  on  the  outer 
conductors  of  the  coaxial  cable  antenna  feed  liries„ 

STATE  OF  DEV't^LOPMENT 


The  method  has  been  laboratory  proven  and  tested  for  use  by  the 
United  States  Army, 

AF'PLICATIQNS 

The  invention  can  be  applied  to  any  type  of  communication  system 
that  employs  different  point-to-point  communications  systems  with 
co-located  antennas.   In  particular,  the  method  is  most  useful  where 
real  estate  i  s  at  a  premium  and  an  antenna  park  housing  many- 
antennas  has  been  established. 

PATENT  STATUS 

UuS.  Patent  Number  4,700,196 


FOR  ADDITIONAL  INFORMATION:  Charles  Grzenda,  Chief,  Office  of  Research  and  Technology 
Applications,  Center  for  C3  Systems,  ATTN:    AMSEL-RD-C3-SD,  Fort  Monmouth,  NJ  07703, 
Telephone:    (908)544-3119.    Refer  to  assessment  No.  008. 
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Army  Communications-Electronics  Command 

Spread  Spectrum  Technology  -  Orthogonal  Code 
Division  Multiple  Access  Communications  Systems 

The  present  invention  provides  a  conceptually  new  code  division 
multiple  access  design  which  uses  di-f-ferent  noise  codes  -for  each 
user  '/ohile  simultaneously  being  -free  o-f  any  sel -f -i  nt  erf  erence .   Thi' 
enables  operating  with  a  large  quantity  o-f  users  in  the  same 
geographical  are^a    without  incurring  any  interference  between  the 
u.stjrs  o-f  the  system  while  simultaneously  providing  a  large  degree  o- 
anti-.iam  protection  and  low  probability  of  interference. 

STATE  OF  DEVELOPMENT 


e  method  has  been  verified  by  independent  testing  of  the 
ectronics  Devices  and  Technology  Laboratory.   A  breadboard  model 
has  tae?en  constructed  and  successfully  demonstrated. 


I  I  i 


iT  T  r 


NS 


The  inve?ntion  can  be  conceptually  applied  to  almiost  any  type  of 
general  communication  systems.   In  particular,  the  concept  can  be 
used  for  mobile  cellular  conrimuni  cat  i  on  systems,  wireless  local  area 
networks,  s£-itellite  conrimiuni  cat  i  on  systems  and  for  personal 
c:  o  n  I  m  u  n  i  c  a  t  i  o  r'l  s  y  stems. 

PATENT  STATUS 


U.S.  Patent  Number  4,494 


FOR  ADDITIONAL  INFORMATION:  Charles  Grzenda,  Chief,  Office  of  Research  and  Technology 
Applications,  Center  for  C3  Systems,  ATTN:    AMSEL-RD-C3-SD,  Fort  Monmouth,  NJ  07703, 
Telephone:    (908)544-3119.    Refer  to  Assessment  No.  007. 
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Electronic  Enclosure  Improved 


Figure  2.  Electronic  Enclosure 


The  Naval  Ocean  Systems 
Center  (NOSC),  San  Diego, 
California,  has  designed  a 
lightweight,  plastic  electronic 
enclosure  (Figure  2)  that  will 
greatly  reduce  production  costs 
and  will  provide  a  more  standard 
manufacturing  technique.  It  is  a 
molded,  laminated  plastic 
enclosure  having  an  outer  shell 
made  of  thermoplastic 
composition,  such  as  ABS 
(Acrylonitrile,  Butadrene,  and 
Styrene),  which  has  desirable 
physical  and  electronic 
characteristics.  An  inner  plastic 
shell  is  nested  in  the  outer  shell 
with  a  stiffening  filler  material 
sandwiched    between.       Self- 


contained  heat  pipes  may  be 
imbedded  in  the  shells  to  provide 
the  necessary  cooling  for  the 
enclosed  electronic  components. 
The  interior  wall  surfaces  of  the 
inner  shell  may  be  metallized  to 
provide  required  radio  frequency 
shielding. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  151102^^ 
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Improved  Sonar  Connector  Developed 


Figure  3.  Sonar  Connector 


Scientists  from  the  Naval 
Research  Laboratory's  (NRL's) 
Underwater  and  and  Sound 
Reference  Detachment  (USRD), 
Orlando,  Florida,  report  the 
development  of  a  reliable  under- 
water electrical  cable  connector 
that  increases  the  life  of  sonar 
devices. 

The  new  connector  (Figure  3), 
called  the  Extended  Life 
Portsmouth  Connector  (EXLPC), 
is  completely  compatible  in  form, 
fit,  and  function  to  the  connector  it 
replaces  and  increases  the  average 
life  service  of  this  component  of 
submarine  sonar  from  3  to  15 
years. 


The  use  of  EXLPC  not  only 
increases  the  readiness  of  the 
submarines  for  the  fleet,  but  it  also 
decreases  the  cost  of  sonar  repair 
by  much  longer  use  of  sonar 
systems.  The  design  of  the  new 
connector  will  be  applied  to  the 
future  development  of  larger 
plugs. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  151105/TN 
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Navy  Develops  Lightweight,  Low-cost  Antenna 
Element 


Scientists  at  the  Naval  Ocean 
Systems  Center  (NOSC),  San 
Diego,  California,  have  developed 
a  lightweight,  low-cost  antenna 
element.  It  can  be  constructed  by 
using  copper  clad  dielectric  boards 
of  the  type  generally  used  for 
stripline.  Since  these  boards  are 
very  thin,  as  compared  with 
rectangular  waveguides,  an  array 
combining  groups  of  antenna 
elements  at  several  frequency 
bands  can  be  interlaced  to  provide 
a  multifrequency,  multifunction 
antenna  in  a  common  space. 

Many  large  scanning  antennas 
are  composed  of  a  two-dimensional 
array  of  rectangular  slots,  in  which 


each  slot  is  fed  by  a  separate 
waveguide.  These  devices, 
however,  require  a  different  size 
slot  and  waveguide  for  each 
frequency  band.  This  invention 
will  provide  a  practical  solution  to 
the  problem  of  development  of  an 
integrated  antenna  system. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  151 104/TN 
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Wave-Generating  Array  Developed 


The  Naval  Research 
Laboratory  (NRL),  Washington, 
D.C.,  Underwater  Sound  Reference 
Detachment  (USRD)  has  de- 
veloped the  first-wave  generating 
array  capable  of  producing  non- 
acoustic  wave  numbers  (evan- 
escent waves),  which  make  up  the 
majority  of  the  spectrum  of  flow- 
noise. 

One  of  the  major  sources  of 
noise  in  a  receiving  array,  on  a 
ship  or  submarine,  is  flow-noise 
produced  by  the  turbulent  flow 
generated  when  a  hull  moves 
through  water.  This  new  tech- 
nology will  allow  the  Navy  to 
develop  sonar  receiving  arrays 
with  enhanced  performance  at 
high  hull   speeds  and  with   the 


capability  of  detecting  weaker 
sound  signals  from  greater 
distances. 

Until  now,  the  only  means  to 
determine  the  impact  of  flow-noise 
was  to  perform  expensive,  time- 
consuming,  full-scale  tests  at  sea, 
or  scale  model  tests  using  quarter- 
scale  models. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  151106/TN 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Current  Supply  Designed  for  High-Tc  Testing 


Precise  and  accurate  measurements  of  tlie  DC  critical  current  of  high-critical-temperature  (high  T^) 
superconductors  often  put  stringent  demands  on  the  current  supply.  A  simple  and  inexpensive  design  for  such  a 
current  supply  has  been  developed  by  NIST,  based  on  a  common  deep-cycle,  12-V,  wet-cell  battery  of  the  type 
used  in  boats  and  recreational  vehicles.  A  description  of  the  circuit,  including  diagram,  was  published  in 
Measurement  Science  and  Technology,  Vol.  1(1990). 

FOR  ADDITIONAL  INFORMATION:  Reprints  are  available  from  Steven  Bray,  Div.  724.05,  NIST,  Boulder, 
Colo.  80303;  303/497-5681. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

I 

Microstrip  Patch  Antenna  Developed 


Calibration  laboratories  will  be  interested  in  a  new  development  from  NIST  that  makes  certain  antenna 
measurements  and  electromagnetic  interference/compatibility  tests  more  convenient.  NIST  researchers  have 
developed  a  small  (20  cm  square)  microstrip  patch  antenna  that  can  be  used  as  a  standard  transmitting  and 
receiving  antenna  at  frequencies  below  500  MHz  in  an  anechoic  chamber.  Up  to  now,  well-characterized 
pyramidal  horns  and  open-ended  waveguides  have  been  used,  but  at  frequencies  below  500  MHz,  these  instruments 
become  very  large  and  impractical.  NIST  researchers  proved  that  the  resonant  frequency,  driving  point  impedance, 
antenna  radiation  pattern,  and  radiated  field  strength  of  the  microstrip  patch  antenna  could  be  calculated 
theoretically  from  its  geometry  and  are  accurate  to  within  three  percent. 

FOR  ADDITIONAL  INFORMATION:  Paper  no.  2-91  describes  the  antenna  in  detail  and  is  available  from  Jo 
Emery,  Div.  104,  NIST,  Boulder,  Colo.  80303;  303/497-3237. 
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Dc-to-dc  Converter  Uses  Reverse  Conduction  of  MOSFET's 

Efficiency  is  greater  than  with  bipolar  transistors  and  antiparallel  diodes. 


In  present  high-power,  phase-controlled, 
full-bridge,  pulse-width-modulated  dc-to-dc 
converters,  the  switching  devices  are  bi- 
polar transistors  with  antiparallel  diodes.  In 
a  Lewis  modified  version,  the  switching  de- 
vices are  power  metal  oxide/semiconduc- 
tor field-effect  transistors  (MOSFET's).  The 
modification  decreases  the  dissipation  of 
power  during  switching  by  eliminating  the 
-  0.7-V  forward  voltage  drop  in  the  anti- 
parallel  diodes.  As  a  result,  energy-conver- 
sion efficiency  is  increased. 

Figure  1  shows  the  unmodified  circuit, 
with  representative  waveforms.  The  right 
(Q3,  Q4)  and  left  (Qi ,  Q2)  sides  of  the  bridge 
are  driven  by  square  waves  so  that  each 


transistor  switch  on  each  side  is  on  half  the 
time  while  the  other  transistor  switch  on  the 
same  side  is  off,  and  vice  versa.  The  output 
is  regulated  by  shifting  the  phase  of  the  Q3, 
Q4  square  wave  with  respect  to  that  of  the 
Qi,  62  square  wave.  The  antiparallel  di- 
odes conduct  the  reverse  currents  gen- 
erated, at  the  reversals  of  polarity,  from  en- 
ergy stored  in  the  transformer  and  parasitic 
inductances. 

Figure  2  shows  the  modified  circuit.  No 
antiparallel  diodes  are  needed  for  two  rea- 
sons: (1)  Each  MOSFET  contains  an  intrin- 
sic antiparallel  diode,  and  (2)  when  a  gate- 
to-source  potential  of  about  15  V  is  applied, 
a  MOSFET  can  conduct  drain-to-source 


Figure  1 .  The  Unmodified  Circuit  includes  bipolar  transistor 
switches,  with  diodes  connected  in  parallel  at  reverse  polarity, 
to  shunt  inductive  switching  transients. 


current  in  either  direction,  with  a  low  "on" 
resistance  that  results  in  a  voltage  drop 
substantially  lower  than  the  0.7-^'  drop  of 
the  intrinsic  antiparallel  diode.  Typically  the 
reverse  current,  shown  at  the  bottom  of 
Figure  2,  causes  a  drain-to-source  voltage 
drop  of  only  0.1  V.  The  0.6-V  decrease  in  the 
voltage  drop  can  increase  the  power  effi- 
ciency significantly  in  a  high-power,  low- 
input-voltage  circuit. 

This   work  was  done  by  Robert  P. 
Gruber  and  Robert  W.   Gott  of  Lewis 
Research  Center. 
LEW-14944/TN 
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Figure  2.  In  the  Modified  Circuit,  the  switching  devices  are 
power  MOSFET's  instead  of  bipolar  transistors.  The  reverse- 
conduction  transient  voltage  drop  in  the  MOSFET  at  the  begin- 
ning of  the  "on"  period  is  less  than  the  transient  fonward  voltage 
drop  in  the  antiparallel  diodes  of  the  unmodified  circuit. 


Square  Wave  on 
Ql,  Q2  Side 

Phase-Shifted  Square 
Wave  on  Q3,  Q4  Side 


Current  Through  Q3 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport.  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Equal-Path,  Phase-Shifting,  Sample-Point  Interferometer 

Sensitivity  to  vibration  and  air  turbulence  would  be  reduced. 


A  proposed  interferometer  would  be  a 
combination  of  a  sample-point  interferom- 
eter and  an  equal-path  interferometer  The 
new  interferometer  would  be  used  to  moni- 
tor the  optical  figures  of  arrays  of  mirrors  or 
of  segmented  mirrors.  The  incorporation  of 
phase  shifting  with  part  of  an  equal-path  in- 
terferometer would  render  the  new  inter- 
ferometer insensitive  to  vibration  and  air 
turbulence.  Thus,  this  instrument  could  be 
used  over  large  distances,  on  the  ground, 
or  on  vibrating  structures. 

The  figure  shows  the  proposed  instru- 
ment in  conjunction  with  a  segment  of  a  re- 
flector to  be  monitored.  The  linearly  polar- 
ized light  from  a  laser  would  pass  through  a 
half-wave  plate  that  would  rotate  at  a  con- 
stant rate.  The  direction  of  polarization  of 
the  emerging  light  would  rotate  at  twice 
that  rate.  The  light  would  then  be  diverged 
by  lens  1,  collimated  by  lens  2,  and  passed 
through  a  beam  splitter  to  be  focused  by 
lens  3.  Beyond  the  focal  point,  the  light 
would  expand  and  illuminate  the  optical 
surface  to  be  monitored. 

Corner-cube  retroreflectors  A,  B,  and  C 
with  weak  positive  lenses  mounted  in  front 
would  be  placed  on  the  surface  to  be  moni- 
tored at  three  corners  of  a  square  centered 
at  the  center  of  that  surface.  C  would  in- 
clude a  half -wave  plate  across  its  aperture. 
The  retroreflectors  would  return  narrow 
beams  of  light  back  through  the  focal  point 
to  lens  3,  where  they  would  be  collimated 
and  sent  to  the  beam  splitter  Because  the 
rotating  polarized  beam  would  pass  twice 
through  the  half -wave  plate  on  C,  the  beam 
reflected  from  C  would  be  continuously 
shifted  in  phase  between  0  °  and  360  °  with 
respect  to  the  beams  reflected  from  A  and 
B. 

The  beams  from  A,  B,  and  C  would  be 
reflected  by  the  beam  splitter  and  focused 
by  lens  4  onto  a  "bed-of-nails"  phase  grat- 
ing. The  emerging  beams  would  be  dif- 
fracted into  orders  symmetric  with  respect 
to  the  A,  B,  and  C  beams.  Some  of  the  dif- 
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The  Equal-Path, 

Phase-Shitting,  Sam- 
ple-Point Interter- 
ometer  could  be  used  to 
monitor  optical  surfaces; 
for  example,  a  segment 
of  a  reflector  as  shown 
here.  The  output  of  the 
instrument  would  be  in- 
terferometric  signals 
from  photodetectors  AC 
and  BC  in  the  output 
plane. 
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fracted  components  would  overlap, 
resulting  in  phase-shifting  interferometry 
between  A  and  C  and  between  B  and  C. 

Photodetectors  would  be  located  in  a 
plane  below  the  bed-of-nails  grating  at  the 
AC  and  BC  interference  spots,  to  measure 
the  interferometric  signals,  which  would  be 
shifted  in  phase  with  respect  to  each  other 
Changes  in  these  signals  would  indicate 
changes  in  the  surface  being  monitored. 
From  measurements  of  these  signals  and 
knowledge  of  the  positions  of  the  retrore- 
flectors, one  could  derive  information  on 
the  magnitudes  and  directions  of  changes 
in  the  orientation  of  the  surface  being 
monitored. 

This  work  was  done  ty/  Paul  K.  Manhart 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 


This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL.  Refer  to  NPO-17913/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  GA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F.  McCaul 
Mail  Gode  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Technology  Utilization 
!\Agr.  for  JPL  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240:  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Fast  Approximate  Analysis  of  Modified  Antenna  Structure 

Effects  of  modifications  on  path-length  errors  can  be  computed  via  "short-cut"  algorithms. 


Abbreviated  algorithms  have  been  devel- 
oped for  the  fast  approximate  analysis  of 
the  effects  of  modifications  in  supporting 
structures  upon  the  root-mean-square  (rms) 
path-length  errors  of  paraboloidal-dish  an- 
tennas. (The  rms  path-length  error  is  a  meas- 
ure of  the  accuracy  of  the  antenna  reflector 
surface.)  The  rapid  determination  of  the  ef- 
fects of  modifications  is  useful  in  design, 
design-sensitivity  analysis,  and  parametric 
studies.  Without  a  fast,  approximate  method, 
it  is  necessary  to  compute  the  effect  of  each 
change  via  a  complete  finite-element  or 
other  structural  analysis  —  a  procedure  that 
requires  considerable  computational  re- 
sources and  long  computing  times  because 
it  typically  involves  the  solution  of  thousands 
of  simultaneous  load-vs.-displacement  equa- 
tions (see  figure). 

The  shortcut  approach  involves  the  com- 
bination of  methods  of  structral-modification 
reanalysis  with  new  extensions  of  correlation 
analysis  to  obtain  the  revised  rms  path- 
length  error  The  full  finite-element  analysis, 
which  usually  requires  a  computer  of  sub- 
stantial capacity  is  necessary  only  to  ob- 
tain the  responses  of  the  unmodified  struc- 
ture to  known  external  loads  and  to  selected 
self-equilibrating  "indicator"  loads.  These 
responses  are  used  in  the  shortcut  calcula- 
tions, which,  although  theoretically  "exact," 
are  simple  enough  to  be  performed  on  a 
hand-held  calculator 

The  shortcut  approach  depends  on  the 
linearity  of  the  load-vs.-displacement  for- 
mulation. Linearity  implies  that  the  super- 
position of  displacements  is  also  valid  when 


Circumferential 
Plate 


The  Finite-Element  Model  of  a  microwave  antenna,  or  subreflector.  includes  many  surface, 
radial,  and  circumferential  plate  elements  as  well  as  rod  elements  that  represent  the  supporting 
truss  structure.  The  solution  of  the  complete  finite-element  problem  requires  the  solution  of 
many  simultaneous  equations.  The  shortcut  method  makes  it  possible  to  calculate,  in  a  few 
steps,  the  effects  of  changes  m  the  cross  sections  of  structural  members. 


loads  are  superimposed.  For  each  member 
in  the  structure  to  be  changed,  there  is  con- 
sidered to  be  a  parallel  member  attached 
to  the  structure  in  the  same  way  The  cross- 
sectional  area  of  the  parallel  member  can 
be  positive  or  negative  and  is  equal  to  the 
change  in  cross-sectional  area  that  corres- 
ponds to  the  modification  of  the  structure. 
An  independent  pair  of  unit  indicator  loads 
directed  toward  each  other  are  applied  at 
the  ends  of  each  member  in  the  unmodified 
structure.  The  response  (displacements  and 
loads  in  members)  to  the  modification  is  ob- 
tained as  the  sum  of  the  response  of  the 
unmodified  structure  to  the  known  external 
loads  plus  the  responses  to  particular  vec- 
tors of  unit  indicator  loads  that  are  scaled 


for  compatibility  in  the  unmodified  structure. 

The  computation  of  the  approximate  rms 
path-length  error  does  not  require  the  re- 
computation  of  the  displacements  of  all  the 
nodes  of  the  finite-element  model  of  the 
antenna  surface  followed  by  the  recomputa- 
tion  of  the  least-squares  best-fit  surface  for 
the  new  set  of  displacements.  Instead,  one 
uses  the  mean-square  path-length  errors 
already  computed  for  the  several  loading 
cases,  along  with  the  coefficients  of  cor- 
relation among  them.  As  a  result,  one  can 
compute  the  rms  path-length  error  of  the 
modified  structure  in  a  few  steps. 

This  work  was  done  by  Roy  Levy  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-17901/TN 
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Improving  Sparse-Aperture  Interferometric  Radiometry 

A  pseudorandom  optimization  process  would  increase  tine  spatial  resolution. 


A  proposed  method  for  designing  the 
spatial  arrangement  of  the  antennas  of  a 
sparse-aperture  interferometric  radiometry 
(SAIR)  system  would  increase  the  spatial 
resolution  of  the  images  produced  by  the 
system.  The  method  was  conceived  to  im- 
prove a  proposed  remote-sensing  SAIR 
system  to  be  placed  in  geosynchronous  or- 
bit; it  could  also  be  applied  to  other  SAIR 
systems  intended  to  stare  at  stationary  tar- 
gets for  relatively  long  times. 

SAIR  has  evolved  in  part  from  the  in- 
terferometric technique  used  by  astrono- 
mers to  increase  the  resolutions  of  their 
microwave  radiometers.  This  technique  in- 
volves the  cross-correlation  of  signals  re- 
ceived by  pairs  of  small  antennas  at  dif- 
ferent locations.  Each  cross-correlation 
samples  a  point  in  the  visibility  function, 
which  is  the  Fourier  transform  of  the  spatial 
distribution  of  the  brightness  temperature 
over  the  field  of  view.  An  inverse  Fourier 
transform  is  applied  (typically  in  software) 
to  the  visibility-function  measurements  to 
reconstruct  the  spatial  distribution  of  the 
brightness  temperature  (that  is,  the  desired 
image).  Each  point  in  the  inverse  transform 
is  equivalent  to  the  output  signal  that  would 
be  obtained  from  a  fictitious  single  indepen- 
dent antenna  beam  pointed  at  a  particular 
spot  in  the  field  of  view.  All  such  beams 
are  present  simultaneously  if  the  visibility- 
function  measurements  are  taken  in  paral- 
lel. 

In  SAIR  as  in  astronomical  interferometric 
radiometry,  a  few  antennas  are  placed  stra- 
tegically at  large  separations  to  attain  reso- 
lution approaching  the  resolution  that 
would  otherwise  normally  be  attainable  on- 
ly by  use  of  a  huge  antenna  that  has  an 
aperture  as  wide  as  the  maximum  separa- 


M-ELEMENT  RING  ARRAY 


Angle  off  Boreslgfit 

BEAM  PATTERN  IN 
"SNAPSHOT"  MODE 


Angle  off  Boreslgfit 

BEAM  PATTERN  IN 
ROTATING  MODE 

The  48  Antennas  in  This  Ring  Array  would 
be  spaced  apail  in  an  uneven  pattern  that 
would  enable  the  array  to  take  most  of  the 
visibility  samples  in  the  "snapshot"  mode  in 
one  angular  position.  The  ring  would  then 
be  rotated  35'  to  obtain  the  missing  visib- 
ility samples,  resulting  in  an  improved  beam 
pattern. 

tion.  Measurements  of  the  visibility  func- 
tion can  be  prescribed  by  the  appropriate 
Nyquist  sampling  criterion.  The  extent  of 


the  field  of  view  determines  the  maximum 
allowable  spacing  between  adjacent  visi- 
bility samples,  and  the  maximum-visibility 
sample  determines  the  spatial  resolution 
of  the  image.  In  this  context,  undersampling 
gives  rise  to  aliased  responses  in  the  im- 
age, which  are  analogous  to  grating  lobes 
in  the  equivalent  antenna  pattern. 

As  SAIR  is  now  envisioned,  visibility  sam- 
ples would  be  taken  by  either  or  both  of  two 
methods.  In  the  "snapshot"  method,  a 
complete  (in  the  sense  that  it  would  satisfy 
the  Nyquist  criterion)  sampling  would  be 
performed  by  cross-correlating  signals  from 
all  possible  pairs  of  antennas  instantane- 
ously In  another  method,  samples  would 
be  taken  while  the  antennas  moved  with 
respect  to  the  field  of  view. 

The  proposed  geosynchronous  SAIR 
system  would  include  a  ring  array  of '  'flood- 
beam"  antennas.  The  signals  from  all  pos- 
sible pairs  of  antennas  would  be  cross- 
correlated  simultaneously  The  diameter  of 
the  ring  would  determine  the  spatial  resolu- 
tion of  the  image,  and  the  distribution  of 
the  antennas  around  the  ring  would  deter- 
mine the  sampling  characteristics.  The 
positions  of  the  antennas  around  the  ring 
(see  figure)  can  be  determined  by  an  op- 
timizing algorithm  that  pseudorandom ly 
maximizes  some  measure  of  the  perform- 
ance of  the  SAIR  system.  In  this  case,  the 
angular  rotation  of  the  ring  required  to  sam- 
ple all  necessary  visibility  samples  is  mini- 
mized. This  in  turn  minimizes  the  refresh 
time  between  successive  images  of  the 
Earth. 

This  work  was  done  by  Christopher  S. 
Ruf  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 
NP0-17886/TN 
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Lateral-Grating  DFB  Laser 

A  novel  distributed-feedback  laser  design  achieves  improved 
v\/avelength  discrimination  and  increased  coupling. 


Heretofore,  a  typical  semiconductor  laser 
has  consisted  of  semiconductor  material 
with  opposed  reflective  end  faces  and  an 
active  layer  positioned  between  two  clad- 
ding regions  of  opposite  conductivity.  Vari- 
ous laser  structures  have  been  developed 
to  enhance  particular  operating  character- 
istics. For  example,  in  such  buried-hetero- 
structure  lasers  as  those  of  the  buried-cres- 
cent  type,  index  guiding  lowers  threshold 
currents,  thereby  reducing  heating  at  junc- 
tions and,  consequently,  enabling  opera- 
tion at  higher  temperatures.  Such  other 
lasers  as  those  of  the  distributed-feedback 
(DhB)  type  provide  single-wavelength  out- 
puts that  are  stable  with  temperature,  time, 
output  power,  and  rate  of  modulation. 

A  typical  DFB  laser  includes  an  active 
layer  positioned  between  two  planar  clad- 
ding regions.  Fteriodic  grating  corrugations, 
which  are  parallel  with  each  other  in  the 
lateral  direction,  are  located  in  a  layer 
either  above  or  below  the  active  layer.  The 
distance  between  successive  corrugations 
determines  the  wavelength  emitted.  These 
grating  corrugations  provide  spatial  varia- 
tions in  the  index  of  refraction,  thus  pro- 
ducing optical  feedback  and  eliminating 
the  requirement  for  reflective  end  faces  as 
in  buried-heterostructure  or  buried-cres- 
cent  lasers. 

In  a  DFB  laser  of  the  usual  configura- 
tion, the  grating  is  placed  in  a  plane  parallel 
to  the  active  layer,  so  that  the  mode  of 
lowest  order  in  the  direction  perpendicular 
to  the  plane  is  the  one  that  interacts  with 
the  grating.  In  a  new  DFB  laser,  the  lateral 
modes  in  the  plane  interact  with  the  grat- 
ing. The  interactiori  can  be  with  the  mode 
of  lowest  order  or  with  one  of  higher  order. 
In  the  latter  case,  many  new  effects  are 
possible,  because  the  modes  of  higher 


Active  Layer 


Ridge  Waveguide 

With  Lateral  Grating 

Corrugations 


The  Ridge  Waveguide  With  Lateral  Grating 
Corrugations  is  overgrown  with  a  p-doped 
layer  to  form  a  burled-ridge  type  of  laser. 
This  is  one  of  several  configurations  possi- 
ble under  the  new  laser  concept. 

order  have  directional  properties  that  in- 
teract with  those  of  the  grating. 

This  structure  offers  several  significant 
advantages.  For  example,  a  greatly  improved 
spectrum  discrimination  can  be  achieved, 
making  it  possible  to  obtain  a  narrow  beam, 
even  from  a  relatively  wide  laser  structure. 
If  the  interaction  is  with  the  mode  of  the 
lowest  order,  the  grating  interacts  with  both 
sides  of  the  wave,  instead  of  only  one  side. 
This  effect  results  in  a  greatly  increased 
coupling  constant,  thus  requiring  much 
smaller  interaction  length.  In  addition,  the 
double  grating  acts  similarly  to  a  phase 
shifter  in  the  cavity,  in  that  it  eliminates  the 
second  emission  spectral  line;  this  is  be- 
cause the  two  gratings  must  inevitably  be 
slightly  shifted  relative  to  each  other,  so 
that  jointly  they  cannot  support  two  emis- 
sion spectral  lines. 

A  lateral-grating  DFB  structure  has  been 
successfully  fabricated.  A  lateral  finger  pat- 
tern was  made  by  transforming  a  surface 
grating  to  the  lateral  grating  and  then  trans- 
ferring the  pattern  to  the  material  by  chemi- 


cal etching.  The  figure  illustrates  one  lateral- 
grating-DFB-laser  configuration.  After  the 
ridge  and  corrugations  are  fabricated,  the 
whole  ridge  is  overgrown  with  a  p-type 
layer  in  order  to  fabricate  a  laser  of  the 
buried-ridge  type.  In  comparison  with  con- 
ventional DFB  lasers,  this  new  structure 
offers  several  advantages  that  should 
enhance  its  application.  Different  effects 
are  obtained,  depending  on  whether  the 
grating  interacts  with  the  mode  of  lowest 
or  higher  order.  Such  improved  perform- 
ance characteristics  as  better  wavelength 
discrimination  and  increased  coupling  are 
achieved  because  the  grating  interacts 
with  both  sides  of  the  wave. 

This  work  was  done  by  James  T. 
Andrews  and  Ivan  Ladany  of  the  David 
Sarnoff  Research  Center  for  Langley 
Research  Center 
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Multiple-Symbol  Differential  Detection  of  MPSK 

Performance  would  approach  that  of  ideal  coherent  detection. 


Multiple-symbol  differential  detection 
has  been  proposed  for  ttne  reception  of 
radio-frequency  signals  modulated  by  mul- 
tiple-ptiase-shift  keying  (fvlPSK).  In 
comparison  withi  ideal  cotierent  detection, 
differential  detection  offers  ttie  advantage 
of  less  complexity  in  that  it  does  not  require 
equipment  to  acquire  and  track  the  carrier 
signal.  However,  conventional  differential 
detection,  which  involves  the  observation 
of  the  received  signal  during  intervals  of 
two  symbol  periods  each,  requires  a  higher 
signal-to-noise  ratio  to  achieve  the  same 
bit-error  rate  obtainable  by  ideal  coherent 
detection. 

In  multiple-symbol  differential  detection, 
the  observation  period  would  be  N  symbol 
periods  (where  N  is  any  integer  >  2).  Fur- 
thermore, whereas  a  conventional  differ- 
ential detector  decides  the  phase  of  each 
received  symbol  separately,  a  multiple- 
symbol  differential  detector  would  make  a 
joint  decision  on  W  -1  symbols  consi- 
dered together,  using  a  maxim-likelihood- 
sequence-estimating  algorithm. 

Computer  simulations  of  the  proposed 
scheme  have  shown  that  in  terms  of  per- 
formance, it  would  fill  the  gap  between 
conventional  two-symbol  differential  de- 
tection and  ideal  coherent  detection.  The 
amount  of  improvement  would  depend  on 
the  number  of  additional  symbol  periods 
added  to  the  obsenyation.  In  the  limit  as  Ay-* 
o°,  the  performance  would  approach  that 


of  ideal  coherent  detection  with  differential 
encoding,  and  the  addition  of  only  a  few 
symbols  would  make  the  performance  ap- 
proach this  limit  (see  figure).  The  multiple- 
symbol  detection  scheme  is  applicable  to 
coded  as  well  as  uncoded  MPSK,  and  to 
other  forms  of  modulation. 

This  work  was  done  by  Dariush 
Divsalar  and  Marvin  K.  Simon  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 
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The  Bit-Error  Rate  of  an  8-Phase-Shift- 

Keyed  Detector  as  a  function  of  the  signal- 
to-noise  ratio  is  shown  for  N-symbol-period 
detection  schemes  ranging  from  N  =  2 
(conventional  differential  detection)  to  A/=  ■^' 
(infinite  observation  interval,  with  perform- 
ance equivalent  to  that  of  ideal  coherent 
detection). 
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Optical  Receiver  Based  on  Luminescent 
Light  Trapping 

An  expensive  telescope  would  not  be  necessary 
to  gather  light  over  a  large  area. 


An  experinnent  has  demonstrated  the  fea- 
sibility of  an  optical-communication  receiver 
based  on  luminescent  light  trapping.  Usually, 
faint  optical  signals  are  captured  over  a  large 
area  by  a  large,  cumbersome,  expensive  tel- 
escope that  can  accept  only  light  incident 
along  a  direction  parallel  or  nearly  parallel 
to  its  optical  axis.  A  receiver  of  the  nevj  type 
is  not  subject  to  these  limitations.  It  is  sim- 
ple, inexpensive,  and  can  accept  light  from 
almost  any  angle. 

The  light-gathering  element  of  the  new  re- 
ceiver is  a  plate  of  transparent  material  im- 
pregnated with  a  laser  dye.  Light  from  the 
distant  laser  transmitter  falls  on  the  plate 
and  is  absorbed  by  the  dye  molecules, 
which  thereby  become  excited  and  reradi- 
ate.  Most  of  the  reradiated  light  is  confined 
within  the  plate  by  total  internal  reflection 
as  it  propagates  toward  the  edge  of  the  plate. 
Light  that  arrives  at  the  edge  escapes  from 
the  plate  and  is  detected  by  small,  high- 
speed, high-gain  photomultiplier  tubes  or 
other  photosensitive  devices. 

For  a  plate  that  is  thin  in  comparison  with 
its  surface  area,  the  light  emitted  by  the  edge 
is  concentrated,  relative  to  the  incident  laser 
flux,  by  a  factor  of  pi^L,  where  p  is  the 
fraction  of  light  confined  by  total  internal 
reflection  (0.74  when  the  index  of  refraction 
of  the  plate  is  1.5);  ri  is  the  quantum  yield 
of  the  dye  molecules;  Af  is  the  area  of  the 
area  of  the  receiving  face  (usually  the  area 
of  the  plate);  A^  is  the  area  of  the  edge;  and 
/.  is  a  lumped  loss  factor  that  accounts  for 
Fresnel  reflection  of  light  entering  the  plate, 
reabsorption  and  scattering  of  the  reradiated 
light,  Fresnel  reflection  of  light  leaving  the 
plate  and  entering  the  photodetector,  and 
incomplete  absorption  of  the  incident  light. 

The  maximum  data  rate  that  can  be 
coupled  through  the  receiver  is  determined 
by  three  effects:  fluorescence  of  the  dye 
chronnophores,  dispersion  caused  by  delays 
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Figure  1 .  This  Experimental  Apparatus  was  used  to  demonstrate  the  crude  luminescent-light- 
trapping  receiver  consisting  of  the  dye-impregnated  plate  and  the  adjacent  photomultiplier. 
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in  transit  across  the  plate,  and  reabsorption 
of  the  reradiated  light  by  the  chromophores 
during  propagation  to  the  edge  of  the  plate. 
The  interval  between  data  pulses  should  be 
at  least  three  times  the  characteristic  dura- 
tion of  the  slowest  of  these  three  effects. 

In  the  experiment  (see  Figure  1),  the  light 
collector  was  a  15-cm  by  15-cm  by  3-mm 
sheet  of  poly(methylmethacrylate)  impreg- 
nated with  Rhodamine  6G  laser  dye  at  a  con- 
centration of  ~lxl0~2  moles/liter  Laser 
pulses  (7  ns  full  width  at  half  maximum,  re- 
petition rate  13  MHz)  were  generated  from 
a  continuous-wave  argon-ion  laser  by  an 
acousto-optical  modulator  and  monitored 
via  a  high-speed  photodiode.  The  pulses 
emitted  by  the  edge  of  the  plate  were  moni- 
tored via  a  photomultiplier,  and  the  outputs 
of  the  photomultiplier  and  the  high-speed 
photodiode  were  displayed  on  an  oscillo- 
scope. The  measurements  show  that  al- 
though the  output  pulses  were  broadened 
somewhat  with  respect  to  the  input  pulses 
(see  Figure  2),  a  receiver  of  this  configura- 
tion could  support  the  reception  of  data  at 
a  rate  of  13  MHz  and  possibly  higher. 

This  work  was  done  by  Joseph  W. 
Perry,  Terry  Cole,  and  Ahmed  H.  Zewail 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-17916/TN 


Figure  2.  These  are  Representative  Input  and  Output  Pulses  (a  laser  pulse  detected  by  the 
high-speed  photodiodes  and  a  luminescence  pulse  detected  by  the  photomultipler)  in  the  ap- 
paratus of  Figure  1. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240:  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Licensing 
Opportunity 


Polarization  Filtering  of  SAR  Data 

Optimum  filtering  can  maximize  the  signal-to-noise  ratio  and  aid  in  discrimination  between  targets. 


Theoretical  analysis  of  the  polarization 
filtering  of  synthetic-aperture-radar  (SAR) 
returns  has  provided  a  hybrid  method  that 
can  be  applied  to  either  (1)  nnaximize  the 
signal-to-noise  ratio  of  the  return  from  a 
given  target  or  (2)  enhance  the  contrast  be- 
tween targets  of  two  different  types  (that 


have  different  polarization  properties).  The 
method  is  valid  for  both  point  and  extend- 
ed targets  and  for  both  monostatic  and 
bistatic  radars  as  well  as  SAR. 

The  analysis  applies  to  a  radar  system 
that  alternatively  transmits  horizontal  and 
vertical  polarizations  and  receives  both 


horizontal  and  vertical  polarizations  simul- 
taneously. The  polarization  information  in 
the  return  signals  provides  a  more  com- 
plete description  of  the  radar-scattering 
properties  of  targets  than  do  conventional 
scalar  returns  (measured  without  regard 
to  polarization  of  the  transmitted  and  re- 


ENHANCEMENT-FACTOR  IMAGE 


Urban  Site 


SIMPLIFIED  MAP  SHOWING 
SITES  USED  FOR  COMPARISON 


Three  SAR  Images  of  the  San  Francisco  Bay  area  illustrate  the  use  of  optimal  polarization  filtering  to  enhance  the  contrast  between 
a  forest  and  an  urban  site. 
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ceived  signals)  and  can  be  used  to  obtain 
additional  information  about  the  targets  for 
use  in  classifying  them,  discriminating  be- 
tween them,  or  enhancing  the  features  of 
radar  images. 

The  optimal-polarization-filtering  method 
is  derived  from  the  Stokes-matrix  represen- 
tation of  the  polarization  characteristics  of 
a  target.  For  both  the  signal-to-noise-maxi- 
mization and  contrast-enhancement  cases, 
the  analysis  yields  equations  for  the  opti- 
mal receiving-antenna  polarizations  as 
functions  of  the  transmitting-antenna  polar- 
izations. However,  the  transmitting-antenna 


polarizations  must  first  be  determined  nu- 
merically For  the  signal-to-noise  maximiza- 
tion case,  one  chooses  the  transmitting 
polarization  that  yields  the  maximum  re- 
turn-signal power  For  the  contrast-enhance- 
ment case,  one  chooses  the  transmitting 
polarization  that  maximizes  (or  minimizes) 
the  ratio  between  the  powers  of  the  return 
signals  from  the  two  different  targets  in 
question. 

The  method  was  tested  by  using  it  to 
derive  a  polarization  filter  that  maximizes 
the  contrast  between  urban  and  natural 
targets  (see  figure).  In  this  case,  it  turns 


out  that  the  same  filter  is  optimum  whether 
the  natural  target  is  water,  forest,  or  grass 
field.  This  filter  increases  the  contrast  ratio 
between  the  targets  by  about  3  dB. 

This  work  was  done  by  Pascale  C. 
Dubois  and  Jal<ob  J.  Van  Zyl  of  Caltecli 
for  NASA's  Jet  Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL.  Refer  to  NPO-17904/TN. 
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Making  Measurements  on  High-Tc  Superconductors 


Measuring  the  critical  current  (1  )  of  high-critical-temperature  (high  T  )  superconductors  has  been  more  difficult 
than  similar  measurements  on  conventional  low-T   materials.  Existing  measurement  practices  and  concepts  bring 
inconsistency,  ambiguity,  and  sometimes,  invalid  results.  Measurements  in  high  T    superconductors  are  sensitive 
to  a  number  of  subtle  variables.  If  these  variables  are  not  thoroughly  quantified  and  reported,  the  measurement 
may  not  be  reproducible.  A  paper  by  NIST  researchers,  published  in  Cryogenics,  describes  pitfalls  to  be  avoided 
and  ways  to  minimize  their  effects.  Suggestions  regarding  the  measurement  parameters  and  conditions  to  be 
included  in  reporting  results  are  also  given. 

FOR  ADDITIONAL  INFORMATION:  Reprints  (paper  no.  48-90)  are  available  from  Jo  Emery,  Div.  104,  NIST, 
Boulder,  Colo.  80303;  303/497-3237. 
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Nonintrusive  Measurement  of  Temperature  of  LED  Junction 

The  temperature  is  inferred  from  the  spectrum  of  the  emitted  light. 


The  temperature  at  the  junction  of  an 
operating  light-emitting  diode  (LED)  can  be 
determined  without  breaching  the  LED 
case  to  place  a  thermometer  or  other  probe 
in  contact  with  the  junction.  Instead,  the 
temperature  can  be  inferred  from  the  spec- 
trum of  the  emitted  light.  It  is  important  to 
determine  this  temperature  because  over- 
heating shortens  the  operating  life  of  an 
LED  and  one  may  need  temperature  data 
to  make  an  engineering  compromise  be- 
tween output  power  (and  temperature)  on 
the  one  hand  and  operating  life  on  the 
other  hand. 

Intrusive  (that  is,  probe)  techniques  are 
undesirable  because,  of  course,  they  dis- 
turb the  very  thermal  operating  conditions 
that  they  are  intended  to  measure.  Previ- 
ous attempts  at  nonintrusive  determination 
of  junction  temperature  included  measure- 
ments of  temperatures  of  the  lead  wires 
of  a  noninstalled  LED  and  measurement 
of  the  voltage  drop  across  a  LED.  The  lead- 
wire-temperature  technique  has  been  found 
to  be  subject  to  large  systematic  errors, 
and  the  voltage-drop  technique  has  been 
found  not  to  account  adequately  for  the 
thermal  dissipation  of  electrical  power  at 
places  other  than  the  junction  at  typical 
operating  currents. 

The  spectral  method  of  determining  the 
temperature  of  the  junction  is  based  on 
two  relevant  characteristics  of  an  LED. 
One  is  that  the  gap  between  the  valence 
and  conduction  electron-energy  bands  in 
the  LED  material  decreases  with  increas- 
ing temperature,  causing  the  wavelength 
of  an  emitted  photon  to  increase  with  tem- 
perature. The  other  relevant  characteristic 
is  that  as  the  temperature  increases,  non- 
radiative  processes  dissipate  more  of  the 
input  electrical  energy  as  heat  and  less 
as  photons  in  the  band-gap  wavelength 


620      640       660       680       700      720 
Wavelength,  nm 

Figure  1.  Spectra  of  a  Light-Emitting  Diode 

in  air  were  measured  at  three  different 
case  temperatures  while  the  diode  was  ex- 
cited by  a  current  of  1  mA.  (This  current 
was  estimated  to  heat  the  junction  only 
0.6  °C  above  the  temperature  of  the  case.) 
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Figure  2.  Two  Plots  That  Characterize  the 
Spectra  of  Figure  1  can  be  used  to  deter- 
mine the  temperature  of  the  junction  of  the 
light-emitting  diode. 


region;  that  is,  the  optical  and  quantum  ef- 
ficiencies decrease  with  increasing  tem- 
perature In  principal,  either  characteristic 
alone  could  be  used  to  determine  the  tem- 
perature. However,  it  is  desirable  to  use 
both  to  obtain  an  indication  of  an  uncer- 
tainty. 

To  apply  the  spectral  method  to  a  given 
LED,  it  is  necessary  to  take  calibrating 
spectral  measurements  while  maintaining 
the  case  of  the  LED  at  various  known  tem- 
peratures (see  Figure  1).  During  these 
measurements,  one  excites  the  LED  with 
a  known  forward  current  low  enough  to 
cause  a  negligible  rise  in  the  temperature 
of  the  junction  above  the  temperature  of 
the  case,  so  that  in  analyzing  the  spectral 
data  as  a  function  of  temperature  one  can 
assume  that  the  temperature  of  the  junc- 
tion equals  the  known  temperature  of  the 
case.  From  the  spectral  data  one  can  ob- 
tain a  plot  of  the  wavelength  of  the  peak 
in  the  spectrum  as  a  function  of  the  tem- 
perature and  a  plot  of  ratio  of  power  in  the 
optical  peak  to  the  current  (proportional  to 
the  optical  efficiency),  also  as  a  function 
of  temperature  (see  Figure  2). 

Thereafter,  either  of  the  plots  can  be  used 
with  spectrophotometry  to  determine  the 
temperature  of  the  junction,  even  when  the 
current  is  large  enough  to  cause  signifi- 
cant heating.  For  example,  experiments 
have  shown  that  when  the  LED  represent- 
ed by  the  plots  in  the  figures  is  mounted 
on  a  circuit  board  at  a  temperature  of  25  °C 
and  excited  by  a  current  between  0  and 
50  mA,  either  plot  gives  the  temperature 
of  the  junction  within  about  2  °C  of  its  cor- 
rect value. 

This    work   was    done   by   Henning 
Leidecker  and  Charles  Powers  of  God- 
dard Space  Flight  Center. 
GSC-13339/TN 
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Optoelectronic  Ranging  Sensor  for  Robotic  Vehicle 

Distance  would  be  inferred  from  texture  and  changes  tiiereof  in  the  scene. 


A  proposed  optoelectronic  ranging  sys- 
tem for  a  robotic  vehicle  would  provide  in- 
formation on  the  distances  to  points  in  a 
natural  scene.  The  system  would  have  no 
moving  parts,  require  little  computation, 
and  consume  only  a  few  watts  of  power 
The  system  would  be  passive  in  the  sense 
that  it  would  not  include  any  artificial 
sources  of  light,  relying  instead  on  sunlight 
reflected  from  the  scene. 

According  to  the  basic  principle  of  oper- 
ation, pinholes  arrayed  in  a  gridlike  pattern 
on  an  otherwise  opaque  mask  would  be 
used  to  subsample  the  very  fine  detail  in 
the  scene  (e.g.,  natural  textures  at  a  scale 
of  a  millimeter  or  less).  In  a  typical  scene, 
this  detail  contains  the  majority  of  the  in- 
formation about  whether  or  not  a  given 
point  in  the  scene  is  in,  near,  or  out  of  focus 
and  is,  therefore,  a  potential  source  of  in- 
formation as  to  whether  or  not  the  point 
in  question  lies  at  the  focal  distance. 
Essential  to  this  concept  is  the  fact  that 
natural  sunlight  is  so  bright  that  even  with 
sparse  subsampling,  there  remains  suffi- 
cient signal-to-noise  ratio  to  justify  the  an- 
alysis of  the  patterns  of  high  spatial  and/or 
temporal  frequency  in  the  sampled  light. 

The  pinhole  mask  would  be  placed  at 
the  prime  focus  of  a  lens  of  large  aper- 
ture, short  focal  length,  and  high  quality 
The  size  of  the  pinholes  would  be  at  or 
near  the  size  of  the  diffraction-limiting  spot 
of  the  lens  —  typically,  about  2  /tm.  A  dif- 
fuser  or  Fresnel  lens  would  be  placed 
behind  the  pinhole  mask  to  direct  the  light 
coming  through  the  pinholes  onto  a  charge- 
coupled-device  video  camera.  The  dis- 


tance from  the  mask  to  the  camera  and 
the  focus  of  the  camera  lens  would  be  ad- 
justed so  that  each  pinhole  would  be  im- 
aged on  one  (and  only  one)  picture  ele- 
ment of  the  charge-coupled-device  array 
As  the  vehicle  moved,  differences  among 
the  outputs  of  each  of  the  picture  elements 
of  the  camera  would  be  computed  for  suc- 
cessive frames,  and  the  magnitudes  of  the 
differences  would  be  averaged  spatially 
and  temporally  in  such  a  way  as  to  obtain 
a  significant  signal  only  from  those  picture 
elements  at  which  the  terrain  was  in  focus. 
The  concept  that  underlies  this  approach 
is  that  the  intensity  of  light  passing  through 
a  pinhole  could  vary  rapidly  and  by  a  large 
amount  only  if  the  point  of  the  terrain  cor- 
responding to  the  pinhole  were  in  focus. 
Thus,  if  the  camera  were  moved  between 
frames  by  an  amount  approximately  equal 
to  or  greater  than  the  projected  size  of  the 
pinhole  on  the  terrain,  then  the  frame-to- 
frame  differencing  would  produce  the  full 
brightness  texture  at  the  pinholes  where 
the  scene  was  in  focus,  but  would  produce 
little  or  no  brightness  texture  where  the  im- 
age was  blurred  by  lack  of  focus. 

In  an  alternative  version,  one  camera 
would  be  focused  on  the  back  side  of  the 
pinholes  as  before,  while  another  would  be 
ifocused  on  small  reflective  rings  around 
the  pinholes  on  the  front  side.  The  area 
of  a  ring  would  equal  the  area  of  a  pinhole. 
Spatial  and/or  temporal  differencing  would 
be  performed,  but  according  to  a  different 
plan.  In  this  version,  motion  would  not  be 
essential,  and  focus  or  the  lack  thereof 
could  be  deduced  on  the  basis  of  the 
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The  Passive  Optical  Ranging  Sensor  would 
provide  a  measurement  of  distance  by  the  use 
of  a  pinhole  mask  to  sample  texture  in  the 
scene  and  thereby  determine  whether  the 
portion  of  the  scene  corresponding  to  each 
pinhole  is  in  focus  (that  is,  whether  is  lies  at  the 
focal  distance). 

strong  nonlinear  component  in  the  spatial 
variation  of  brightness  over  the  rings  and 
pinholes  in  focus  versus  the  nearly  linear 
variation  out  of  focus.  In  yet  another  varia- 
tion applicable  to  both  versions,  the  pin- 
hole array  could  be  corrugated  in  such  a 
way  that  alternate  rows  of  pinholes  were 
on  different  focal  planes,  representing  dif- 
ferent distances. 

This  work  was  done  by  Brian  H.  Wilcox 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-17959/TN 
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Reduced-Wiring  Tactile  Sensor 

Analog  signals  would  be  transmitted  via  fewer  connections  than  would  be  needed  for  digital  signals. 


A  proposed  tactile  sensor  on  a  robot  fin- 
ger would  put  out  multiplexed  analog  sig- 
nals that  could  be  transmitted  to  a  control 
computer  on  fewer  wires  than  would  be 
needed  to  transmit  equivalent  digital  sig- 
nals. The  analog  output  would  represent 
data  on  the  contact  area  of  the  object  be- 
ing gripped,  on  the  position  of  the  object, 
and  on  the  direction  and  rate  of  slippage 
if  any. 

The  sensor  would  consist  of  chains  of 
normally  open  switches  and  resistors  on 
the  surface  of  the  finger  (see  figure).  Each 
resistance  would  be  double  the  preceding 
resistance  in  each  chain.  Constant-current 
sources  would  supply  power  to  the  chains. 

When  an  object  touched  the  finger,  it 
would  turn  on  the  switches  in  the  contact 
area.  Each  switch  turned  on  would  short- 
circuit  the  resistor  in  parallel  with  it,  chang- 
ing the  net  resistance  of  the  affected  col- 
umn. The  voltage  drop  along  each  chain 
would  change  accordingly  Each  possible 
combination  of  activated  switches  would 
produce  a  unique  set  of  voltage  drops 
along  the  chains.  The  voltages  would  be  fed 
to  the  control  computer,  where  an  analog- 
to-digital  converter  would  translate  the  volt- 
ages into  digital  signals  for  processing.  In 
a  5-by-7  array  like  the  one  shown  in  the  fig- 
ure, a  digital  output  would  need  35  lines  — 
one  for  each  switch  in  the  array,  whereas 
the  analog  output  needs  only  5  lines  — 
one  for  each  column. 

Movement  of  the  object  could  be  de- 
tected easily  If  the  object  slipped  down- 
ward in  the  figure,  the  voltages  along  the 
affected  columns  would  increase;  if  it 
slipped  upward,  the  voltages  would  de- 
crease. Left  or  right  slippage  would  appear 
as  changes  in  the  voltages  along  adjacent 
chains. 

For  a  practical  unit,  an  inexpensive  min- 
iature sensor  pad,  much  like  the  keyboard 
on  a  pocket  calculator,  could  integrate  the 
components.  The  number  of  rows  and  col- 
umns could  be  increased  or  decreased, 
depending  on  the  resolution  needed  for 
control  of  the  robot.  The  upper  limit  on  the 
number  of  resistors  in  each  chain  would 
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This  Array  of  Resistors  and  Switches  would  act  as  a  tactile  sensor  that  would  produce 
a  unique  combination  of  voltages  according  to  the  location  of  a  gripped  object. 


be  determined  by  such  factors  as  the  noise 
in  the  current  source,  the  bit  resolution 
available  in  the  analog-to-digital  converter, 
and  the  electromagnetic  interference  picked 
up  in  the  cable  from  the  sensor  to  the 
computer 


This  work  was  done  by  Timothy  R.  Ohm 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NP0-17872/TN 
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Analyzing  Large  Reflector 
Antenna  Structures 

This  finite-element-analysis 
program  is  flexible 
and  easy  to  use. 

The  Iterative  Design  of  Antenna  Struc- 
tures (IDEAS)  connputer  program  perfornns 
finite-elennent  analysis  and  optinnization  of 
design,  with  special  features  for  the  analysis 
and  design  of  microwave  antennas  and  as- 
sociated structural  components.  As  the  prin- 
cipal software  tool  for  the  analysis  and  de- 
sign of  structures  at  the  Jet  Propulsion 
Laboratory's  Ground  Antenna  and  Facilities 
Engineering  section  of  NASA's  Deep  Space 
Network,  IDEAS  combines  flexibility  with 
ease  of  use. 

The  relatively  small  bending  stiffnesses 
of  the  members  of  large,  steerable  reflector 
antennas  makes  it  appropriate  to  use  pin- 
jointed  (three  translational  degrees  of  free- 
dom per  joint)  mathematical  models  to  rep- 
resent the  responses  of  these  antennas  to 
static  and  dynamic  loads.  This  facilitates  the 
formulation  of  the  IDEAS  redesign  algorithm, 
which  has  only  one  design  variable  per  ele- 
ment of  the  structure. 

The  preparation  of  input  data  decks  is 
simplified  by  the  use  of  NAMELIST  inputs 
to  promote  clarity  of  data  input  for  problem- 
defining  parameters  and  to  promote  selec- 
tion, by  the  user  of  execution  and  design 
options  and  output  requests.  Reasonable 
default  values  are  provided  for  most  of  these 
parameters.  The  formulation  of  the  mathe- 
matical model  of  the  structure  uses  many 
attractive  and  familiar  features  of  the  NA- 
STRAN  program  (in  many  cases,  bulk-data 
cards  in  the  IDEAS  and  NASTRAN  formats 
are  interchangeable).  Such  features  as  auto- 


mation of  the  simulation  of  a  full  symmetric 
structure  based  on  reflective-symmetry 
analysis  of  only  half  the  structure  make 
IDEAS  a  handy  and  efficient  software  tool 
for  analysis,  with  many  features  unavailable 
in  any  other  finite-element-analysis  program. 

The  design  variables  are  either  areas  of 
rods  or  thicknesses  of  plates.  The  design 
objective  is  to  minimize  the  total  weight  of 
the  structure,  subject  to  a  variety  of  simul- 
taneous displacement/compliance  con- 
straints, or,  as  an  alternative,  to  constrain 
the  weight  of  the  structure  to  a  specified 
value  while  maximizing  a  natural  vibrational 
frequency  or  minimizing  a  compliance. 

A  primary  feature  is  to  perform  root-mean- 
square-best-fitting  path-length-error  and 
boresight-pointing-error  analyses  for  the 
Cassegrain  microwave  antenna  structure 
loaded  by  gravity,  wind,  or  other  environmen- 
tal effects.  Rigging  angles  computed  auto- 
matically or  chosen  by  the  user  can  be  ac- 
counted for  in  these  analyses,  and  the 
path-length  and  pointing  errors  can  be  se- 
lected for  automatic  conversion  to  design 
constraints  for  optimization.  In  addition,  the 
conventional  types  of  displacement  con- 
straints, or  functions  thereof,  can  also  be 
chosen  as  constraints. 

A  stress-ratio  algorithm  can  be  invoked 
within  the  optimization  as  a  side  constraint 
to  choose  the  size  of  each  member  of  the 
structure  so  that,  when  under  specified 
loads,  the  member  is  not  subjected  to  ten- 
sion or  buckling  stresses  greater  than  those 


allowable.  Tables  of  properties  of  commer- 
cially available  structural  shapes  can  be  sup- 
plied by  the  user  for  the  selection  of  discrete 
member  sizes  and  for  establishing  the  radii 
of  gyration  in  computations  of  allowable 
buckling  stresses. 

Calculations  of  the  total  weight  of  the 
structure  can  be  broken  down  according  to 
material.  The  center  of  gravity,  the  weight 
balance,  the  static  first  and  second  mo- 
ments about  the  center  of  mass  (or  optional- 
ly about  a  grid  point  specified  by  the  user), 
and  lumped  structural  weights  at  grid  points 
can  also  be  calculated.  In  addition  to  stan- 
dard analysis  outputs  for  gravitational,  ther- 
mal, and  external  applied  loads,  there  are 
other  outputs  for  calculations  of  linear  conrv 
binations  of  specific  node  displacements, 
(e.g.,  to  represent  motions  of  rigid  attach- 
ments), application  of  required  counter- 
weight loading,  natural-vibrational-frequency 
eigenvalues  and  eigenvectors  with  modal 
reactions  and  modal  forces,  and  evaluations 
of  effective  modal  masses. 

The  IDEAS  program  is  written  in  ATHENA 
FORTRAN  and  ASSEMBLER  for  the  EXEC 
8  operating  system  of  the  UNIVAC  1000- 
series  computer.  The  program  was 
developed  in  1988. 

This  program  was  written  tyy  Roy  Levy 
and  Douglas  M.  Strain  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-17783/TN 
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Seven  solar  energy  companies  have  been  awarded  contracts  through  an  initiative  launched  by  Sandia 
National  Laboratories  and  the  Department  of  Energy  designed  to  accelerated  commercialization  of 
photovoltaic  (PV)  technologies. 

The  Photovoltaic  Concentrator  Initiative  will  establish  partnerships  between  private  companies  and 
Sandia  to  develop  cost-effective  PV  concentrating  collector  power  systems.   Over  a  period  of  four 
years,  DOE  plans  to  allocate  up  to  $12  million  for  this  initiative.    Each  participating  company  will 
also  contribute  to  development  costs. 

The  program's  long-term  goal  is  to  bring  down  costs  of  producing  electricity  from  PV  sources  and 
make  them  competitive  with  electricity  from  conventional  sources. 

DOE  has  authorized  Sandia  to  develop,  establish,  and  administer  the  initiative. 

The  initiative  focuses  on  two  major  areas:   concentrator  cell  and  concentrating  collector 
development.   A  concentrator  cell  is  a  semiconducting  device  that  converts  concentrated  sunlight 
directly  into  electricity.    A  concentrating  collector  captures  sunlight  and  uses  reflectors  or  lenses 
to  focus  it  -  much  like  a  magnifying  glass  -  onto  concentrating  cells.    Generally,  a  number  of  cells 
are  housed  within  a  protective  enclosure  or  module,  which  also  contains  concentrating  optics,, 
electrical  interconnections  and  terminals.    Modules  are  used  in  groups  called  arrays,  which  are 
mounted  on  trackers  and  follow  the  sun's  movement  across  the  sky. 

Concentrating  collector  systems  are  regarded  as  a  possible  way  to  reduce  PV  power  costs  because 
they  reduce  the  area  of  costly  solar  cells  required  for  a  given  power  output.    Many  solar  cells  also 
perform  better  as  more  sunlight  is  concentrated  on  them.   Because  of  the  need  to  focus  the  sunlight, 
concentrating  systems  require  clear  skies  to  operate,  unlike  their  more  common  flat-plate 
counterparts  which  operate  in  both  diffuse  and  direct  sunlight. 

For  the  mid-1990s,  DOE  has  established  a  cost  goal  for  PV-produced  power  of  12  to  15  cents  per 
kilowatt-hour.    Currently,  concentrating  collector  system  designs  and  components  capable  of 
meeting  this  goal  exist  but  require  further  development  to  be  commercially  viable. 

Sandia's  intent  is  to  support  the  development  of  at  least  four  concentrator  cell  and  collector 
technologies,  a  number  that  may  change  during  the  course  of  the  initiative.   Requests  for  Quotation 
(RFQ)  published  in  December  1989  did  not  restrict  the  type  of  system  proposed  or  materials  used. 

Contracts  were  awarded  to  the  following  companies:  Alpha  Solarco  Inc.,  Cincinnati,  Ohio;  Applied 
Solar  Energy  Corp.,  City  of  Industry,  Calif.;  ENTECH  Inc.,  Dallas/Fort  Worth  Airport;  Solar 
Engineering  Applications  Corp.,  San  Jose,  Calif.;  Solar  Kinetics  Inc.,  Dallas;  Solarex,  Frederick, 
Md.;  and  Spectrolab,  Sylmar,  Calif. 

Companies  were  selected  based  on  their  technical  strengths,  commercial  potential,  and  ability  to 
meet  DOE  cost  goals. 
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Contracts  were  awarded  for  concentrator  cell  technologies  with  the  following  goals:   Low 
concentrator  levels  of  10  to  30  suns  (1  sun  =  0.1  watts  per  square  centimeter),  17-23  percent         ( 
efficiency,  and  costs  of  4  to  20  cents  per  square  centimeter;  Intermediate  levels  of  200  to  400  suns 
with  24-30  percent  efficiency  and  cost  of  $1.50  to  $4  per  square  centimeter. 

The  initiative  also  funded  four  contracts  for  concentrating  collector  technologies:    Low  concentration 
(up  to  22  suns)  linear-focus  systems,  with  both  a  single  and  dual  axis  being  supported; 
Intermediate  concentration  (up  to  400  suns)  point-focus,  dual-axis  tracking  systems. 

Sandia's  participation  will  consist  of  transferring  existing  technological  information,  providing 
design  assistance,  testing  materials  and  hardware,  and  providing  use  of  its  test  facilities  such  as  the 
Photovoltaic  Device  Measurement  Laboratory,  the  Photovoltaic  Device  Fabrication  Laboratory,  and 
the  Photovoltaic  Technology  Evaluation  Laboratory. 

"We  are  looking  at  all  of  these  contracts  as  cooperative  programs,"  says  Jay  Chamberlin  of  Sandia's 
Photovoltaic  Technology  Division  and  coordinator  of  the  initiative's  module  development  contracts. 
"We  expect  to  be  hand  in  glove  with  these  people." 

James  Gee  of  Sandia's  Photovoltaic  Cell  Research  Division  will  oversee  cell  development  contracts. 

Funding  for  the  initiative,  like  any  government-supported  program,  depends  on  future  DOE  and 
Congressional  action.   A  preliminary  collector  development  phase  was  initiated  using  Sandia 
research  funds.   Four  contracts  were  placed  under  this  phase  to  help  potential  collector  developers 
prepare  for  the  Photovoltaic  Concentrator  Initiative. 

FOR  ADDITIONAL  INFORMATION:   Public  Information  Division,  Code  3161,  Department  of  Energy, 
Sandia  National  Laboratories,  Albuquerque,  NM;  (505)844-4207.    Refer  to  announcement  26  ( 

No.  1. 
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Behavior  of  NbSe3  Cathode 
in  Rechargeable  Li  Cell 

Ac  impedance  measure- 
ments were  made  at 
various  stages  in  the 
reduction  of  NbSes. 

A  report  discusses  a  series  of  ac  imped- 
ance measi  irements  of  niobiunn  triselenide 
cathodes  in  lithium  secondary  (recharge- 
able) cells.  Such  cells  should  provide  high 
energy  density  because  NbSeg  reacts  with 
three  equivalents  of  Li  at  high  positive 
potential.  NbScg  also  has  high  electronic 
conductivity,  long  cycle  life,  and  high  dif- 
fusivity  for  Li.  Part  of  a  continuing  evalua- 
tion of  this  battery  system,  the  reported 
work  was  done  to  improve  understanding 
of  the  intercalation  of  NbSeg  with  Li  and  to 
find  out  whether  the  state  of  charge  of 
NbSeg  can  be  determined  nondestructive- 
ly  from  the  impedance  parameters. 

TTie  results  of  the  measurements  are 
presented  in  four  sections.  The  first  pre- 
sents a  Nyquist  (complex-impedance)  plot 
for  a  virgin  electrode.  The  data  are  for  a 
prismatic  3-mAh  virgin  NbSeg  electrode 
(area,  2  cm^)  in  1.5  M  LiAsFg/2-methyltetra- 
hydrofuran,  with  an  open-circuit  potential 
of  2.3  V.  In  the  next  two  sections  similar 
plots  show  relaxation  loops  at  various 


states  of  charge  ~  from  0.8  to  0.2.  These 
provide  qualitative  information  about  the 
kinetics  of  the  individual  steps  in  the  reduc- 
tion of  NbSeg.  For  example,  at  a  state  of 
charge  of  0.8  (open-cell  potential  1.799  V), 
the  relaxation  loop  corresponding  to  the 
first  step  becomes  smaller,  indicating  that 
the  first  step  is  becoming  more  facile.  As 
discharge  continues,  the  relaxation  loop 
corresponding  to  the  second  step  also  be- 
comes smaller  and  merges  with  the  diffu- 
sional  impedance.  As  the  electrode  reach- 
es a  state  of  charge  of  0.2,  both  relaxation 
loops  increase  in  size  as  the  number  of 
unoccupied  intercalation  sites  in  the 
NbSeg  decreases. 

The  fourth  section  describes  procedures 
for  calculating  various  kinetic  and  inter- 
facial  parameters,  including  the  charge- 
transfer  resistance,  the  double-layer  capa- 
citance for  the  first  step  in  the  reduction  of 
NbSeg,  the  exchange-current  density,  and 
the  Warburg  coefficient,  which  determines 
the  mass-transfer  impedance.  The  stand- 


ard exchange-current  densities  for  the  first 
and  second  step  are  0.4  and  1.5  A/(mole. 
cm^),  respectively;  the  diffusion  coeffi- 
cients at  the  corresponding  sites  are  5.5x 
10  "■'^  and  1.6  X 10  -■'^cm^/s,  respectively 

The  authors  conclude  that  the  imped- 
ance parameters  of  NbSeg  do  not  vary  in 
sufficiently  regular  fashion  to  be  useful  as 
indicators  of  the  state  of  charge.  The  kinet- 
ic parameters  obtained  from  the  ac-imped- 
ance  measurements  support  the  finding  of 
an  earlier  study  that  in  the  reduction  of 
NbSeg,  one  equivalent  of  Li  intercalates  at 
one  type  of  site  at  a  potential  of  about  1.9  V 
and  two  equivalents  of  Li  intercalate  at  a 
different  type  of  site  at  a  potential  of  about 
1.7  V 

This  work  was  done  by  Ratnakumar  V. 
Bugga,  Salvador  DiStefano,  and  Clyde  P. 
Bankston  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
NPO-17648/rN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 
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Solar  Concentrator  Has  Wider  Cone  of  Acceptance 

Tolerance  to  manufacturing  and  aiming  errors  is  increased. 


A  reflector  assembly  for  the  concentra- 
tion of  Sunlight  onto  a  photovoltaic  cell  is 
based  on  a  Cassegrainian  optical  system 
that  has  been  modified  to  increase  the  al- 
lowable error  angle  between  the  aim  and 
the  line  of  sight  to  the  Sun.  This  widening  of 
the  cone  of  acceptance  reduces  the  deg- 
radation of  performance  caused  by  sur- 
face-slope errors,  misalignments  between 
optical  components,  and  non-fully-specu- 
lar (i.e.,  partly  diffuse)  reflectance.  The  con- 
sequent relaxation  of  aiming  and  manufac- 
turing tolerances  should  reduce  the  cost 
and  the  number  of  rejects  in  manufactur- 
ing and  simplify  operation. 

Unlike  a  reflector  in  an  astronomical  tel- 
escope, a  solar  concentrator  is  not  re- 
quired to  form  a  good  image  of  the  Sun. 
The  slightly  different  task  of  the  concentra- 
tor is  to  reflect  the  available  Sunlight  fairly 
evenly  onto  the  finite  area  of  the  photovol- 
taic cell  in  the  focal  plane,  with  or  without 
scrambling  of  the  image.  In  effect,  this 
amounts  to  allowing  the  image  to  be  blurred 


to  a  finite  extent,  and  this,  in  turn,  allows 
some  flexibility  in  the  choice  of  the  reflector 
configuration  to  increase  the  amount  of 
light  reflected  into  the  blur. 

In  this  concentrator  as  in  a  common 
type  of  Cassegrainian  system,  the  Sunlight 
is  reflected  from  a  primary  paraboloidal 
reflector  onto  a  secondary  reflector  and 
then  onto  the  photovoltaic  cell  (see  Figure 
1).  However,  in  this  system  the  secondary 
reflector  is  not  entirely  a  hyperboloid, 
which  it  would  have  to  be  to  eliminate 
spherical  aberration  and  thereby  help  as- 
sure a  good  image. 

Instead,  a  relatively  small  part  of  the 
secondary  reflector  consists  of  the  mini- 
mal hyperboloid  that  would  form  an  image 
from  all  the  specularly-reflected  incident 
parallel  light  in  a  perfectly  aimed,  perfectly 
manufactured  version  of  the  system.  Light 
rays  that  are  up  to  3°  off  axis  due  to  the 
finite  size  of  the  Sun  and  errors  in  aiming 
and  manufacturing  are  reflected  onto  the 
photovoltaic  cell  or  a  "light  catcher"  mirror 


by  reflector  extensions  that  blend  into  the 
hyperboloidal  portion  at  its  inner  and  outer 
edges.  (The  half  cone  angle  could  also  be 
designed  to  be  greater  or  less  than  3°,  de- 
pending on  the  reflector  material,  manu- 
facturing process,  and  other  factors.  The 
light  catcher  is  a  tertiary  mirror  consisting 
of  a  conic  section  of  revolution  that  directs 
stray  light  onto  the  photovoltaic  cell.) 

The  performances  of  the  unmodified 
and  modified  concentrators  are  shown  in 
Figure  2.  As  the  test  data  clearly  indicate,  a 
small  misalignment  does  not  seriously  de- 
grade the  performance  of  the  modified 
concentrator,  whereas  misalignment  has  a 
profound  effect  in  the  unmodified  concen- 
trator. The  performance  of  the  modified 
concentrator  is  degraded  much  less  than 
is  that  of  the  unmodified  concentrator  at 
aiming  errors  greater  than  3°. 

This  work  was  done  by  Mark  A.  Kruer 
of  TRW  Space  &  Technology  for  Marshall 
Space  Flight  Center. 
MFS-28295/TN 
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Figure  1  The  Modified  Cassegrainian  Reflector  System  includes  a  sec- 
ondary reflector  equipped  with  extensions  to  utilize  off-axis  light  rays. 
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DETAIL  OF  UNMODIFIED  AND  MODIFIED  DESIGN  REFLECTIONS 
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Figure  2.  The  Performances  of  Unmodified  and  Modified  Reflector 

Systems  are  measured  in  terms  of  the  normalized  solar  power  falling  on  a  ^ 

photovoltaic  cell  as  functions  of  the  aiming  error.  I 
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Zeolites  Remove  Sulfur  From 
Fuels 

Extraction  proceeds  at  atmospheric  pressure  and 
moderately  high  temperature. 


Zeolites  can  remove  substantial  amounts  of  sulfur  com- 
pounds from  diesel  fuel  under  relatively  mild  conditions — 
atmospheric  pressure  below  300°C.  With  suitable  pretreat- 
ment,  a  zeolite  can  extract  up  to  60  percent  of  the  sulfur 
content  of  a  high-sulfur  fuel.  It  is  likely  that  even  more  sulfur 
can  be  extracted  by  new,  larger-pore  zeolites. 

The  zeolite  method  is  applicable  to  petroleum  refineries, 
natural-gas  processors,  electric  powerplants,  and  chemical- 
processing  plants.  The  method  is  simpler  and  uses  consid- 
erably lower  pressure  than  does  the  current  industrial  method, 
hydro-desulfurization.  By  removing  sulfur,  the  method  not 
only  yields  cleaner  emissions  from  the  combustion  of  petro- 
leum fuels  but  also  protects  catalysts  from  poisoning  by 
sulfur. 

The  best  results  to  date  have  been  obtained  with  zeolite 
1 3X  in  which  sodium  ions  have  been  replaced  by  copper  and 
lanthanum  ions.  In  a  demonstration  of  the  method,  diesel  fuel 
and  zeolite  beads  were  placed  in  a  laboratory  reflux  appara- 
tus in  an  inert  atmosphere  of  flowing  nitrogen.  The  contents 
were  heated  to  a  temperature  of  245  to  265°C.  After  about  an 
hour  of  heating,  the  reflux  reaction  began.  It  was  allowed  to 
continue  for  an  hour,  then  the  contents  cooled  for  another 
hour. 

In  two  such  refluxes — one  with  a  copper-exchanged  zeo- 
lite, the  other  with  zeolite  that  had  been  lanthanum-exchanged, 
then  copper-exchanged — 56  percent  of  the  sulfur  content  of 
the  fuel  was  removed.  A  third  reflux — with  zeolite  that  had 
been  copper-exchanged  first,  then  lanthanum-exchanged — 
removed  a  little  additional  sulfur,  bringing  the  total  amount 
removed  to  60  percent. 

The  spent  zeolite  can  be  regenerated  after  each  use.  The 
beads  are  packed  in  a  quartz  reactor  and  first  heated  to  400°C 
in  flowing  nitrogen.  Then  the  flow  is  changed  to  a  mixture  of  70 
percent  nitrogen  and  30  percent  air.  After  about  2  h,  the  color 
of  the  beads  changes  from  black  to  light  blue,  the  same  color 
they  had  before  the  reflux  reaction. 


The  sulfur-removal  capacity  of  the  beads  falls  only  5  per- 
cent after  the  first  two  regenerations.  Thereafter,  there  is  no 
substantial  reduction  in  capacity. 

Metal-exchanged  zeolite  is  prepared  by  exchanging  the 
sodium  in  the  original  zeolite  with  ammonium,  then  exchang- 
ing the  ammonium  with  higher-affinity  metal  ions.  A  long  soak 
in  an  ammonium  nitrate  solution  produces  the  ammonium 
exchange.  Another  soak  in  copper  nitrate  solution  produces 
the  copper  exchange.  A  soak  in  lanthanum  nitrate  before  (or 
after)  the  copper  exchange  produces  lanthanum/copper  (or 
copper/lanthanum)  zeolite. 

This  work  was  done  by  Gerald  E.  Voecks  and  Pramod  K. 
Sharma  of  Caltech  for  NASA's  Jet  Propulsion  Laboratot7. 
Ttiis  invention  is  owned  by  NASA,  and  a  patent  application 
has  been  filed.  Inquiries  concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development  should  be  addressed 
to  the  Patent  Counsel,  NASA's  Resident  Office-JPL.  Refer  to 
NPO-17480/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
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Introduction 

Sub-slab  depressurization  (SSD)  is 
generally  the  most  common  and  most 
effective  radon  (Rn)  mitigation  strategy 
employed  in  basement  and  slab-on-grade 
houses.  In  many  areas  of  the  country,  the 
standard  building  practice  is  to  place  a 
layer  (often  4  in.  [100  mm]  or  so)  of 
coarse  gravel  directly  beneath  a  vapor 
barrier  before  pouring  the  slab.  When  this 
has  been  done,  an  SSD  system  is  usually 
quite  effective  because  of  the  good 
permeability  and  communications 
afforded  by  the  gravel  layer.  Hov^^ever, 
many  older  houses  were  built  before 
using  gravel  became  a  common  practice, 
and  in  some  areas  of  the  country  gravel 
is  not  readily  available.  In  these  houses 
the  slabs  are  poured  over  either  the 
native  soil  or  a  fill  soil  that  has  been 
compacted  to  some  degree  to  prevent 
settling  away  from  the  slab  once  the 
concrete  has  hardened.  I^ost  of  the  time 
such  a  soil  fill  has  much  lower 
permeability  to  air  flow  than  does  gravel. 
In  such  instances  an  SSD  system  will  not 
operate  as  effectively  as  it  would  over  a 
coarse  aggregate  bed.  Since  much  of  the 
literature  about  SSD  systems  addresses 
slabs  poured  over  gravel,  guidance  in  the 
installation  of  SSD  systems  over  low 
permeability  soils  has  generally  been 
lacking.  Some  researchers  have  reported 
cases  of  low  permeability  beneath  the 
slabs  and  have  either  made  somegeneric 
observations  about  the  average  slab  area 
affected  by  given  suction  holes  or  offered 
unique  remedies  found  to  work  in  specific 
houses.  However,  no  uniform  guidance 
document  exists  that  uniquely  addresses 
design  and  installation  strategies  for 
solving  this  problem. 

In  1987,  the  Radon  Mitigation  Branch 
(RMB)  of  the  U.S.  Environmental 
Protection  Agency's  Air  and  Energy 
Engineering  Research  Laboratory 
(AEERL),  Research  Triangle  Park,  North 
Carolina,  initiated  a  regional 
demonstration  of  radon  mitigation  in  slab- 
on-grade  houses  in  the  phosphate  mining 
area  of  Polk  County,  Florida,  South 
Central  Florida  is  one  area  in  the  U.S. 
where  coarse  gravel  is  not  readily 
available.  The  customary  building 
practice  is  to  prepare  a  base  of 
compacted  fill  soil,  overlay  it  with  a  vapor 
barrier,  and  then  pour  the  slab. 


From  December  1987  to  September 
1989,  14  single-story  slab-on-grade 
houses  with  living  areas  of  about  1300- 
2600  ft2  (120-240  m2)  and  initial  indoor 
radon  concentrations  of  10-100  pCi/L 
(400-4,000  Bq/m3)  were  mitigated  with 
SSD  systems.  The  systems  ranged  from 
central-  and  perimeter-located  single 
suction  hole  systems  to  up  to  four  central 
and/or  five  perimeter  suction  holes,  with  a 
variety  of  combinations.  Suction  pits 
ranged  from  no  pits,  to  pits  up  to  12-15 
gal.  (0.05-0.06  m^)  in  size.  Different  sizes 
of  fans  and  pipes  were  installed.  Suction 
holes  were  drilled  through  the  slab  from 
inside  the  house,  and  horizontally  through 
stem  walls  under  the  slab  from  outside 
the  living  shell.  Fans  were  located  in 
attics  and  outside  the  houses. 

This  design  guide  is  an  outgrowth  of 
the  results  that  have  been  measured  in 
these  houses  over  the  last  two  years. 
This  document  has  several  purposes.  It 
may  be  used  by  mitigators  to  aid  them  in 
the  design  and  installation  of  SSD  radon 
mitigation  systems.  Since  radon 
mitigation  is  a  relatively  new  industry,  in 
some  areas  where  this  document  may  be 
used  it  may  also  provide  a  reference  to 
supplies,  equipment,  and  sources  useful 
in  the  mitigation  field.  Because  this 
document  reports  some  lessons  learned 
during  the  demonstration  and  research 
conducted  in  these  14  houses,  another 
purpose  is  to  alert  mitigators  to  potential 
pitfalls  and  problems  in  installations, 
often  discovered  too  late  by  experience. 

Scope 

Every  house  is  a  unique  structure. 
There  are  many  variables,  from 
geological  or  physical  characteristics,  to 
construction  features,  to  operational 
house  dynamics,  to  seasonal 
environmental  factors,  to  home  owner 
inputs  that  may  affect  the  potential  for 
radon's  entry  into  that  structure.  Fourteen 
houses  is  not  an  adequate  sampling  to 
predict  all  possible  problems  or 
situations.  It  is  hoped,  however,  that  the 
guidance  offered  here  helps  the  mitigator 
get  started  in  the  right  direction  and  helps 
the  user  structure  the  planning  and 
installing  process  in  a  proper  framework. 
Professional  judgment  is  still  the  most 
important  element  in  the  design  and 
installation  of  radon  mitigation  systems 
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Research  is  also  continuing  relevant  to 
design  criteria  for  sub-slab  mitigation 
systems  in  the  same  (and  other)  areas  of 
Florida,  across  the  U.S.  and  in  other  parts 
of  the  world.  The  University  of  Florida,  in 
particular,  Is  contributing  much 
complimentary  research  to  houses  in  a 
different  part  of  the  state.  Other  local 
mitigators  who  have  worked  through 
problems  and  situations  unique  to  their 
areas  and/or  building  practices  are  also 
good  potential  sources  of  information  on 
possible  changes  or  permutations  in 
these  guidelines.  Two  years  is  too  shorl  a 
time  frame,  considering  the  life  of  a 
house,  to  be  able  to  state  definitely  that 
these  guidelines  will  be  the  final  word  in 
SSD  systems  in  low-permeability  soils. 
Because  radon  mitigation  is  a  field 
growing  in  breadth  and  application, 
readers  are  encouraged  to  seek 
additional  information.  EPA  Regional 
Offices  and  appropriate  state  and  local 
agencies  should  be  good  sources  of  the 
latest  information  or  of  suggestions  for 
how  to  obtain  such  information. 

Background  Information 

Before  a  mitigator  or  homeowner  starts 
to  design  a  radon  mitigation  system,  it 
should  be  established  that  indoor  radon 
is  a  problem.  With  all  of  the  publicity  that 
radon  has  received  from  often-times  less- 
than-informed   sources,    home    owners 
may    be   acting    or    reacting    without 
knowing   the    seriousness    or    even    the 
certainty  of  their  problem.  It  is  reasonable 
and     ethical     for     a     mitigator     to 
communicate    to    the    homeowner    the 
recommended     EPA    protocols    for 
screening  and  follow-up  measurements. 
Several    EPA    publications    present 
guidance    for    making    reproducible 
measurements  of  radon  concentrations  in 
residences,   including   recommendations 
for   using    the    results    to    make    well- 
informed   decisions  about  the   need   for 
additional    measurements   or    remedial 
action. 

Sub-Slab  Depressurization 
Design  Process 

Once  the  decision  has  been  made  to 
install  an  SSD  system  for  radon 
mitigation,  the  first  and  most  critical 
question  to  answer  is  how  many  suction 
holes  will  be  needed  to  remedy  the 
problem  and  where  to  put  them.  If  the 
house  has  more  than  one  slab  separated 
by  footings  or  a  foundation  wall,  then  for 
determining  the  number  of  suction  holes, 
each  slab  is  treated  separately.  The 
following  process  should  be  conducted 
for  each  separate  slab  area.  The  single 
most  useful  diagnostic  tool  to  use  as 
input  in  this  determination  is  the  sub-slab 
pressure  field  extension  measurement. 
The  mitigator  should  have  obtained  a 
reasonable  feel  for  types  of 
communication  present  under  the  slab. 
Based  on  the  results  of  this  test  and  a 


figure  presented  in  this  report,  the 
mitigator  is  instructed  how  to 
approximate  the  coverage  area  of  a 
suction  hole.  When  this  information  is 
combined  with  the  slab  area  and 
geometrical  considerations,  the  number 
and  placement  of  the  suction  holes  can 
be  determined.  After  considering  how 
moisture  variation  and  other  factors  may 
adversely  affect  the  ability  to  move  gas 
through  the  soil,  this  document 
recommends  that  a  mitigator  be 
conservative  in  estimating  system 
performance  when  designing  the  system. 

Actually  placing  the  suction  holes  is 
very  dependent  on  the  structural  features 
of  the  house.  Some  guidance  is  given  in 
the  report  for  unfinished  and  finished 
basements  and  for  slab-on-grade  houses 
with  adequate  access  to  all  slab  areas 
from  interior  placements  of  suction  holes 
and  those  without.  Installation  guidance 
and  tips  for  drilling  the  holes,  excavating 
the  pits,  and  finishing  the  installation  are 
provided  for  several  commonly  installed 
systems. 

Generally  most  mitigators  use  PVC 
pjpe  when  installing  SSD  systems.  It  is 
lightweight,  easy  to  cut  and  handle, 
convenient  for  fittings  and  accessories, 
strong  in  its  glueing  characteristics, 
noncorrosive,  and  smooth  so  as  to  offer 
low   resistance   to   air   movement. 

A  figure  is  provided  to  help  the 
mitigator  estimate  the  size  of  pipe  to 
select  for  a  house  dependent  on  the 
projected  flow  in  the  system  and  the 
approximate  length  of  pipe  to  be  used. 

Some  generic  guidelines  for  the  proper 
design  and  installation  of  the  piping  and 
for  the  fan  placement  are  given  for 
several  types  of  mitigation  systems. 
Additional  installation  tips  from 
experienced  contractors  are  passed 
along  to  the  reader  as  well.  For  houses 
requiring  roof  penetrations,  a  section 
containing  guidance  and  suggestions  is 
also  provided. 

Finally,  the  successful  installation  of  a 
mitigation  system  should  not  be 
considered  complete  unless  some  sort  of 
system  monitoring  and  labeling  is 
provided  for  the  benefit  of  the  current  and 
future  home  owners  and  others  who  may 
be  working  with  or  around  the  system. 
Some  of  the  available  options  for 
accomplishing  these  aspects  of  the 
process  are  included. 
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Research  Technology 


United  States 
Department  of 

Agriculture      ForGSt  Proclucts  Laboratory 


Alcohol  Production 


Both  ethanol  and  methanol  (types  of 
alcohol  suitable  for  fuel  use)  can  be 
produced  from  wood.  Yet  only  about 
4  to  5  milhon  gallons  of  alcohol  are 
produced  from  wood  each  year  in  the 
United  States,  compared  with  almost  1 
billion  gallons  of  fuel  alcohol  produced 
from  grains. 

Current  commercial  biomass  alcohol 
processes  derive  ethanol  mainly  from 
corn.  Much  of  it  is  also  produced  syn- 
thetically from  petroleum.  Methanol  is 
produced  principally  from  natural  gas, 
NMth  a  small  contribution  from  coal. 
Wood-derived  alcohol  is  produced 
from  the  waste  liquor  of  a  pulping 
operation. 

Technology  for  ethanol  production 
from  wood  has  been  developed  and 
subjected  to  some  pilot  testing.  The 
economic  competitiveness  of  produc- 
ing ethanol  from  wood  def>ends  on 
feedstock  costs  and  other  vjuiables. 
Production  and  marketing  of 
byproducts  (high-fructose  com  syrup 
and  distiller's  dry  grains  from  com  and 
molasses  and  furfural  from  wood)  sig- 
nificantly affect  this  economic  balance. 
Ethanol  production  from  wood  could 
be  implemented  fairly  rapidly,  should 
another  global  petroleum  emergency 
create  the  need  for  altemative  fuels. 
However,  some  additional  pilot  testing 
of  the  technology  may  be  needed. 

The  Forest  Products  Laboratory  and 
the  Tennessee  Valley  Authority's  Na- 
tional  Fertilizer   Development  Center 


have  developed  and  pilot-tested  a 
process  for  producing  ethanol  from 
low-grade  hardwoods.  Cedled  the  two- 
stage  dilute  sulfuric  acid  hydrolysis 
process,  it  converts  wood  to  car- 
bohydrates that  can  be  fermented  into 
alcohol.  The  second  stage  of  two- 
stage  hydrolysis  produces  about  20  kg. 
of  carbohydrates  suitable  for  process- 
ing to  ethanol  from  every  100  kg.  of 
ovendry  wood  feedstock.  The  first 
stage  produces  an  additional  24.9  kg. 
of  carbohydrates,  but  many  of  these 
first-stage  carbohydrates  are  not 
necessarily  fermentable  to  ethanol. 

If  xylose  could  be  fermented  to  ethanol 
economically,  fermentation  of  the  first- 
stage  products,  xylose  and  glucose, 
could  nearly  double  ethanol  produc- 
tion, compared  with  only  fermenting 
the  glucose  from  the  second  stage. 
Other  possible  products  from  the  first- 
stage  carbohydrates  are  single-cell 
protein,  furfural,  and  feed  molasses. 

The  technology  for  producing 
methanol  from  wood  is  less  fully 
developed  than  that  for  producing 
ethanol.  Although  methanol  was  once 
produced  from  wood  as  a  byproduct  of 
charcoal  manufacture,  overall  yields 
were  low.  To  produce  methanol  from 
wood  with  a  significantly  higher  yield 
would  require  production  of  syntheses 
gas  in  a  process  similar  to  that  used 
for  production  of  methanol  from  coal. 

For  additional  information,  contact 
John  Zerbe  at  (608)  231-9353. 
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Technology  Application 
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Fermi  National  Accelerator  Laboratory 


Cryogenic  Refrigerator  Improvements 


The  Fermilab  satellite  refrigeration  system  provides  cooling  for  1,000  Tevatron  superconduct- 
ing magnets.  Together  with  the  Central  Helium  Liquefier,  this  system  maintains  peak  magnet 
temperature  at  about  4.9K,  allowing  the  Tevatron  to  operate  reliably  at  a  beam  energy  of  900 
GeV.  One  goal  in  Fermilab's  upgrade  scheme  is  the  achievement  of  1,000  GeV  (1  TeV)  beam.  The 
necessary  increase  in  the  dipole  magnetic  field  strength  can  be  attained  through  a  combination  of 
weak  magnet  replacement  and  a  reduction  in  magnet  operating  temperatures. 

Cold  compressors  will  be  used  to  provide  the  required  temperature  reduction.  One  unit  in 
each  satellite  refrigerator  will  reduce  the  pressure  of  the  two-phase  helium  flowing  through  the 
magnets,  thereby  lowering  their  temperatures.  Testing  on  four  refrigerator  buildings  has  been 
completed.  Each  satellite  refrigerator  consists  of  an  above  ground  plant  feeding  4.6K  helium  to 
magnet  strings  located  in  the  tunnel.  This  "single  phase"  flow  travels  through  the  magnets  until 
it  reaches  the  ends  of  the  strings.  The  flow  is  throttled  into  the  two-phase  region  and  returns  to 
the  refrigerator  in  counterflow  with  the  incoming  fluid,  boiling  off  along  the  way.  Cold  compres- 
sors lower  magnet  temperatures  by  pumping  on  this  return  flow  through  a  phase  separator, 
which  buffers  the  satellite  refrigerator's  coldbox  from  cryogenic  system  upsets,  such  as  quenches 
and  ramp  on/off  transients,  occurring  in  the  tunnel  during  Tevatron  operations. 

It  is  apparent  that  liquid  collected  by  the  separator  cotild  be  used  to  precool  the  wet  expander 
inlet  flow,  yielding  benefits  on  its  own.  In  particular,  to  a  certain  extent  the  coldbox  can  be  iso- 
lated from  upsets  in  the  magnet  strings.  The  system  has  been  able  to  raise  individual  Tevatron 
magnet  operating  points  above  1  TeV.  In  addition,  the  two-phase  separator  has  been  known  to 
increase  reliability. 

This  technology  has  potential  use  for  other  organizations  using  Fermilab  satellite  refrigera- 
tors and  similar  cryogenic  systems. 

FOR  ADDITIONAL  INFORMATION:  Office  of  Research  and  Technology  Applications,  Fermi  National 
Accelerator  Laboratory,  P.O.  Box  500,  MS  208,  Batavia,  IL  60510;  (312)840-3333.     Refer 
to    FAA-631/TN. 
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New  Technology  from  the 
U.S.  Bureau  of  Mines 

^  U.S.  Department  of  the  Interior 


Enhanced  Drilling  Performance  Using  Polyethylene 
Oxide 


Objective 

Increase  the  productivity  of  domestic  mining  operations 
by  improving  the  performance  of  rock  drilUng  systems. 

Approach 

Investigate  the  use  of  chemical  solutions  at  zero  surface 
charge  concentrations  as  drilling  fluid  additives  to  enhance 
penetration  rates  and  extend  bit  life. 

Background 

Bureau  researchers  have  investigated  the  use  of  chem- 
ical additives  to  enhance  drilling  performance  and  have 
found  that  the  most  efficient  drilling  occurred  when  the 
drilhng  fluid  was  able  to  maintain  a  zero  surface  charge 
(ZSC)  on  the  rock  surface.  Laboratory  drilling  studies 
using  5/8-inch  diameter  diamond-impregnated  coring 
bits  on  rock  types  such  as  quartzite,  granite,  taconite,  and 
marble.  Cationic  compounds  were  used  as  the  surface 
charge  neutralizing  additives  during  these  tests.  The  drill- 
ing studies  demonstrated  enhanced  drilling  performance, 
however,  only  at  the  singular  additive  concentration  that 
produced  the  ZSC  condition.  Bureau  researchers  made  a 
breakthrough  when  they  found  that  polyethylene  oxide, 
although  a  nonionic  polymer,  was  able  to  maintain  the 
ZSC  condition  over  a  wide  range  of  concentrations.  Suc- 
cess using  polyethylene  oxide  as  the  drilling  fluid  additive 
during  subsequent  laboratory  tests  prompted  testing  under 
field  conditions. 

How  It  Works 


Figure  1.— PEO  drilling  test  in  coal  measure  rocks  In  Ohio. 

vated  cracking  hypothesis  has  been  validated  by  Bureau 
researchers  in  the  drilling  of  transparent,  synthetic  quartz 
with  water  alone  and  with  ZSC  concentration  solutions  of 
PEO  and  other  chemical  additives.  High  speed  photogra- 
phy of  synthetic  quartz  drilling  showed  a  zone  of  cracking 
in  front  of  the  advancing  bit  when  drilling  with  ZSC 
concentration  solutions  of  PEO  and  each  of  the  chemical 
additives  tested.  But  this  cracking  did  not  occur  when 
drilling  with  water  alone.  To  best  take  advantage  of  this 
chemically-induced  rock  weakening,  drillers  need  to  ensure 
that  the  mechanical  energy  introduced  for  drilling  is  not  so 
high  that  it  swamps  out  the  chemically-induced  effect. 
Drillers  may  have  to  use  less  rotational  speed  and/or 
thrust  than  they  are  accustomed  to  using  when  drilling 
with  water  alone. 


Field  Test  Results 


The  mechanism  underlying  the  enhanced  drilling  per- 
formance is  hypothesized  to  be  activated  cracking.  Scien- 
tists know  that  the  rock  surface  is  under  maximum  tension 
when  under  zero  surface  charge  conditions.  Under  these 
conditions,  the  Ukelihood  of  increased  crack  formation  at 
or  near  the  rock  surface  is  increased  since  the  rock  sur- 
face is  weakened  under  the  tension.  When  the  increased 
density  of  cracks  is  propagated,  faster  rock  breakage 
occurs  and  results  in  faster  drilling  penetration  rates.  Less 
bit  wear  is  also  observed.  The  wear  force  on  the  bit  is 
lessened  since  a  rock  surface  with  a  higher  density  of 
cracks  provides  less  resistance  to  the  advancing  bit  than 
a  rock  surface  with  a  lower  density  of  cracks.    The  acti- 


In  controlled  field  tests  conducted  in  Ohio  and  Peims- 
ylvania,  PEO  was  shown  to  improve  the  drilling  pene- 
tration rate  of  NQ  (3")  diamond  core  bits  in  several  rock 
types.  When  tests  were  conducted  in  a  side-by-side 
pattern  using  holes  alternately  drilled  with  and  without 
PEO,  a  25-30  pet  penetration  rate  improvement  was  gain- 
ed in  drilling  shales  and  Umestone.  A  similar  35-50  pet 
improvement  was  obtained  in  claystone  rock.  A  50  pet 
increase  represents  a  cost  savings  of  about  30  pet  for 
contract  drilling.  Drillers  noticed  reduced  drill  string 
chatter  and  vibration,  increased  fiocculation  and  settling  of 
effluent  particles,  and  reduced  fluid  loss  in  moderately 
fractured  rock  formations. 
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In  another  controlled  full-scale  test,  use  of  PEO  im- 
proved the  drilling  penetration  rate  of  AWG  (2")  diamond 
core  bits  by  11  pet  and  bit  life  by  9  percent  in  blocks  of 
hard  Sioux  quartzite.  These  tests  were  conducted  with  a 
2100  pound  thrust  and  a  rotation  speed  of  500  rpm. 

An  initial  field  test  of  the  PEO  additive  for  drilling 
blastholes  in  taconite  yielded  a  70  pet  increase  in  pene- 
tration rate  with  a  26  pet  increase  in  bit  life.  The  holes 
were  drilled  with  15-inch  diameter  rotary  tricone  bits  to 
the  depth  of  40-  to  45-ft  on  adjacent  benches  at  a  produc- 
ing iron  mine  in  Minnesota.  Hole  flushing  was  done  using 
high-pressure  air  and  water  mist.  The  first  bench  (165 
holes)  was  drilled  entirely  with  water  mist  as  were  the 
initial  40  holes  of  the  second  bench.  The  remaining  100 
holes  of  the  second  bench  were  drilled  using  a  mist  of 
a  15  ppm  PEO  solution.  The  average  penetration  rate  for 
water-drilled  holes  on  both  benches  was  about  0.55  ft/min. 
By  contrast,  the  average  penetration  rate  for  the  PEO- 
drilled  holes  on  the  second  bench  was  0.93  ft/min,  a  70  pet 
increase  in  penetration  rate.  The  average  bit  life  was 
2745  +/-  12  ft  (2  bits)  when  drilling  with  water  mist 
alone,  while  the  average  bit  life  was  3468  +/-  40  ft 
(2  bits)  when  drilling  with  a  PEO  solution  mist.  This  was 
an  increase  in  bit  life  of  about  26  pet.  With  the  cost  of 
PEO  at  about  $0.73  per  1000  gal  for  a  15  ppm  solution, 
potential  yearly  cost  savings  per  drill  for  this  drilling 
operation  is  about  $95,000  assuming  a  bit  life  increase  of 
26  pet.  Drillers  reported  that  dust  reduction  was  better 
drilling  with  a  mist  of  PEO  solution  compared  to  a  mist  of 
water  alone. 

A  field  test  was  also  conducted  at  the  Nevada  Test 
Site  when  an  8-ft  diameter  shaft  was  drilled  through 
volcanic  welded  tuff.  Penetration  rates  were  increased 
from  11  to  17  pet  when  using  only  5  ppm  of  PEO  polymer. 
With  400  gpm  full-water-fiushing  of  the  hole,  the  reagent 
consump-tion  at  15  ppm  is  still  only  75  lbs  (about  $420) 
per  day.  Potential  cost  savings  for  this  drilling  operation 
range  from  $1,500  to  $3,000  per  day  if  PEO  was  used  on 
a  continual  basis. 

The  use  of  the  PEO  additive  with  percussive  bits  was 
also  tested.  76-mm  button  bits  drilled  into  granite  showed 
no  penetration  rate  improvement,  but  the  rotational  power 
requirement  was  reduced  by  15  pet.  51-mm  button  bits 
and  cross  bits  showed  2.3  times  less  wear  and  decreased 
corrosion  in  drilling  of  quartzite  and  schist. 

Potential  applications  of  PEO  in  other  fragmentation 
processes  in  mining  and  mineral  processing  include  rock 
sawing  with  diamond  saw  blades,  and  comminution. 


Health,    Safety,    and    Environmental 
Considerations 

Polyethylene  oxide  (PEO)  is  a  non-toxic,  high-moleculitf 
weight,  nonionic  polymer.    The  U.S.  Environmental  Pro- 


tection Agency,  has  ^ven  approval  to  a  wide  variety  of 
applications  of  PEO  in  solution  including  agricultural  uses 
as  soil  stabilizers,  crop  sprays,  and  seed  coatings.  It  is  not 
hazardous  to  the  environment;  it  breaks  down  m  nature  to  | 
other  inert  substances  over  a  time  span  of  a  few  months.  " 
It  evaporates  into  the  air  leaving  little  or  no  residue  at  all. 
The  U.S.  Food  and  Drug  Administration  has  also  given 
wide  approval  for  the  commercial  uses  of  PEO  including 
use  as  ingredients  in  denture  adhesives,  cosmetics,  soaps, 
and  detergents,  use  as  a  coating  of  or  ingredient  in  phar- 
maceutical tablets,  and  use  as  a  foam  stabilizer  for  beer. 
A  Mine  Safety  and  Health  Administration  (MSHA) 
inspection  determined  that  there  were  no  measurable  toxic 
substances  or  carcinogens  associated  with  the  usage  of 
PEO  in  mining  operations  including  preparation,  drilling, 
loading  of  ANFO,  and  after  blasting. 

Patent  Status 

U.S.  Patent  no.  4,959,164  entitled,  "Rock  Fragmentation 
Method"  which  describes  the  use  of  PEO  for  enhanced 
fragmentation,  was  issued  September  25,  1990.  Patents 
have  also  been  applied  for  in  Australia,  Canada,  and  other 
countries.  For  information  concerning  the  hcensing  of 
these  patents  contact  the  Chief,  Office  of  Technology 
Transfer  at  the  Bureau  of  Mines,  2401  E  Street,  NW., 
M.S.  6201,  Washington,  DC  20241,  or  telephone  (202) 
634-1225. 

For  More  Information  f 

Complete  details  of  both  laboratory  and  field  drilling 
tests  with  PEO  solutions  as  drilling  fluids,  are  available  in 
a  Bureau  of  Mines  Report  of  Investigation  (RI)  9227, 
entitled,  "2^ro-Surface-Charge-Controlled  Drilling  for 
Enhanced  Penetration  Rates  and  Extended  Bit  Life";  and 
in  the  chapter  entitled  "Enhanced  Well  Drilling  Perform- 
ance with  Chemical  Drilling  Fluid  Additives",  (pp.  86-105) 
of  Bureau  of  Mines  Information  Circular  (IC)  9216, 
entitled  "In-Situ  Leach  Mining."  Single  copies  of  these 
publications  may  be  obtained  by  writing  the  U.S.  Bureau 
of  Mines,  Publication  Distribution  Section,  P.O.  Box  18070, 
Cochrans  Mill  Road,  Pittsburgh,  PA  15236. 

Quantities  of  polyethylene  oxide,  PEO,  polymer  (vari- 
ety 5  million  molecular  weight)  are  available  commer- 
cially from  the  manufacturer.  To  ensure  proper  PEO 
solution  preparation  some  simple  mixing  guidelines  must 
be  followed. 

Answers  to  technical  questions  and  information  on 
proper  mixing  instructions,  PEO  manufacturer,  or  poten- 
tial cooperative  testing  of  PEO  in  field  applications  may 
be  obtained  by  contacting  Dr.  John  E.  Pahlman,  at  the 
U.S.  Bureau  of  Mines,  Twin  Cities  Research  Center,  5629 
Minnehaha  Avenue  South,  Minneapolis,  Minnesota  55417, 
or  telephone  him  at  (612)  725-4629  or  (612)  725-4500. 
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Parachute  Fly-Away  Deployment  Aid 


Figure  1.  Fly-away  Deployment  Aid 


The  Naval  Ocean  Systems 
Center  (NOSC),  San  Diego, 
California,  has  developed  a 
parachute  deployment  aid  that 
assures  clean  parachute  openings 
and  reduces  the  possibility  of 
parachute  opening  abnormalities. 

The  deployment  aid  consists  of 
a  parachute  having  a  canopy  with 
a  number  of  suspension  lines  and  a 
pair  of  closing  flaps  attached  to 
opposite  sides  of  the  canopy.  Holes 
in  the  flaps  match  locking  loops  on 
the  apron,  and  the  suspension  lines 
are  bent  to  hold  the  canopy  shut  as 
the  parachute  is  deployed.  The 
suspension  lines  are  incrementally 
pulled  free  from  the  apron  while 
the  parachute  skirt  remains 
closed.     As  the  suspension  lines 


reach  the  locking  loops  and  are 
pulled  free  from  the  locking  loops, 
air  enters  the  skirt  to  cleanly  open 
the  canopy.  The  deployment  aid  is 
readily  modifiable  to  accommodate 
different  packs  and  parachutes  and 
can  be  added  to  existing 
parachutes. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  ISllOl/TN 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Obtaining  Liquid  Neon  at  Lower  Costs 


NIST  researchers  have  designed  and  constructed  a  small-scale  plant  capable  of  recycling  liquid  neon  for  about  $20 
per  liter,  $150  per  liter  less  than  liquid  neon  can  be  obtained  commercially.  The  plant  was  designed  to  capture, 
purify,  and  refrigerate  neon  boiling  off  from  calorimetry  experiments  in  the  low-temperature  measurement  of  the 
thermal  conductivity  of  insulating  materials.  The  recycling  plant  consists  of  a  purification  section,  a  heat 
exchanger,  liquid  neon  and  liquid  hydrogen  storage  dewars,  and  a  fully  automated  control  system.  After 
purification,  neon  is  liquefied  in  the  heat  exchanger  by  liquid  hydrogen  flowing  countercurrently  through  stainless 
steel  cooling  coils.  Hydrogen  flow  is  automatically  adjusted  to  keep  the  neon  at  its  normal  saturation  temperature 
of  27  kelvins.  The  liquefied  neon  is  stored  in  a  dewar  directly  below  the  heat  exchanger;  a  low-temperature 
refrigerator  provides  cooling  during  extended  storage  or  low-flow  applications. 

FOR  ADDITIONAL  INFORMATION:  Paper  no.  4-91  describes  the  plant  in  more  detail  and  is  available  from  Jo 
Emery,  Div.  104,  NIST,  Boulder,  Colo.  80303;  303/497-3237. 
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Anthropomorphic  Remote  Manipulator 

A  telerobot  has  arms,  hands,  and  fingers  similar  to  those  of  a  human. 


A  two-arnned  telerobot  now  undergoing 
developnnent  can  manipulate  objects  with 
dexterity  approaching  that  of  a  human.  It 
is  designed  to  be  remotely  operated  by  a  hu- 
man. The  human  operator  wears  a  harness 
with  exoskeletonlike  sleeves  and  gloves;  the 
remote  manipulator  follows  the  operator's 
arm,  hand,  and  finger  movements  and  feeds 
back  position  and  force  information  so  that 
the  operator  has  a  sense  of  manipulating 
the  object  held  by  the  telerobot.  Eventually, 
as  control  electronics  become  more  ad- 
vanced, it  may  be  possible  to  give  the  robot 
autonomy  over  routine  manipulative  tasks, 
although  human  control  will  still  be  needed 
for  unstructured  activities. 

The  robot  is  being  developed  for  use  in 
outer  space.  It  is  well  suited  for  such  terres- 
trial uses  as  handling  materials  and  maintain- 
ing equipment  in  hazardous  environments 
where  mechanical  dexterity  and  nearly  in- 
stantaneous feedback  of  sensory  informa- 
tion are  needed. 

The  dexterity  of  the  robot  arms  is  unprece- 
dented. Each  arm  has  seven  degrees  of  free- 
dom and  both  hands  have  16  degrees  of 
freedom.  Like  a  human  arm,  the  robot  arm 
is  compliant;  it  loosens  or  stiffens  its  joints 
in  response  to  external  forces.  This  capability 
is  essential  for  cooperative  dual  arm  manipu- 
lations and  humanlike  grappling  techniques. 

The  robot  arm  includes  an  upper  arm,  el- 
bow, forearm,  wrist,  hand,  palm,  and  four 
fingers.  The  finger-driving  mechanisms  are 
in  the  forearm.  The  wrist-driving  mecha- 
nisms are  placed  behind  the  elbow  to  count- 
erbalance the  arm.  Cables  actuate  the  fin- 
gers. Servo-adjustable  springs  in  the  joint 
drives  provide  the  compliance. 


Computer  for  Future 

Autonomous 

Telerotwtic 

Operation 


Control 
Electronics 


Control  Harness 
With  Control  Arms 
and  Gloves  Mounted 
on  Operator 


Control  Panel 


From  a  Distance,  an  operator  controls  a  telerobot  via  a  harness  with  dual  arms,  hands,  and 
fingers  similar  to  those  on  the  telerobot.  Optical  fibers  carry  control  signals  from  the  operator's 
harness  to  the  telerobot  and  feedback  signals  in  the  opposite  direction. 


One  of  the  fingers  is  thumblike,  and  the 
three  other  fingers  are  as  in  a  human  hand, 
providing  a  stable  grip.  A  fifth  finger,  like  the 
little  finger  of  a  human  hand,  was  omitted 
because  it  would  increase  weight  and  bulk 
but  add  little  dexterity. 

Position,  force,  and  compliance  sensors 
are  built  into  the  arm.  Because  of  the  exact 
kinematic  correspondence  between  the  tele- 
robot and  the  control  arm  mounted  on  the 
operator's  arm,  no  time-consuming  coor- 
dinate computations  are  needed.  The 
resulting  fast  control  rate  assures  high  fideli- 
ty between  the  operator  and  robot. 

The  operator  can  view  the  robot  directly 
through  a  window  or  by  a  video  display  The 
operator  will  not  always  have  an  unobstruct- 


ed view  of  the  robot  hands  in  relation  to  the 
manipulated  object,  however:  fingers  may 
be  obscured  by  the  body  of  the  robot  or  by 
the  object  itself,  or  the  video  camera  may 
be  at  a  bad  angle.  Generally  after  a  hand 
has  been  visually  guided  to  the  vicinity  of 
the  object,  the  operator  relies  nnore  on  touch. 
The  operator  adjusts  the  tightness  of  the 
grasp  by  adjusting  his  own  grasping  strength 
in  the  glove  in  response  to  feedback  infor- 
mation from  the  finger  sensors. 

This  work  was  done  by  Bruno  M.  Jau 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-17975/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division.  P.O.  Box  8757. 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Docking  System  With  Video  Feedbacl^ 

No  communication  between  tlie  veliicles  is  necessary. 


A  video-sensor/electronic-feedback  con- 
trol system  is  being  developed  to  provide 
autonnatic  control  of  the  final  stage  of  ap- 
proach of  an  active  vehicle  to  a  passive 
vehicle  or  object.  One  of  the  advantages 
of  the  system  is  that  it  requires  no  com- 
munication between  the  two  vehicles.  The 
system  was  conceived  for  use  aboard  a 
chasing  spacecraft  to  control  its  maneu- 
vers in  docking  with  a  chased  spacecraft, 
but  the  concept  of  the  system  may  also 
be  useful  in  controlling  the  coupling  of  air- 
craft in  flight  or  vessels  on  water  or  in  con- 
trolling the  approach  of  a  robot  to  an  ob- 
ject to  be  manipulated. 

The  passive  vehicle  is  equipped  with  an 
optical  docking  target  (see  Figure  1)  that 
includes  three  retroreflective  patches  at 
known  positions  along  a  line.  The  patches 
are  made  in  different  sizes  to  remove  a 
±180  °C  ambiguity  in  the  angle  of  roll  about 
an  axis  perpendicular  to  the  plane  of  the 
target.  The  active  vehicle  is  equipped  with 
a  source  to  illuminate  the  target  and  with 
a  tracking  sensor  in  the  form  of  a  mono- 
chrome video  camera.  Image-processing 
circuitry  connected  to  the  camera  com- 
putes the  relative  azimuth  and  elevation 
of  each  patch.  From  these  data,  the  system 
computes  the  relative  position  and  orien- 
tation of  the  two  vehicles. 

The  active  vehicle  is  also  equipped  with 
an  autonomous  docking-process  controller, 
which  is  a  digital  processing  system  that 
generates  commands  for  the  motion  actua- 
tors (e.g.,  thrustors  in  the  original  spacecraft 
application,  control  surfaces  on  an  air- 
plane, or  motors  in  a  robot).  The  control 
algorithm  is  designed  so  that  the  com- 
mands tend  to  eliminate  the  errors  in  the 
relative  attitude,  maneuver  the  active  vehi- 
cle onto  the  docking  axis,  and  reduce  the 
relative  distance  along  this  axis  at  a  prede- 
termined, continuously-decreasing  velocity 
simultaneously. 

There  are  six  control  channels,  one  for 
each  of  three  degrees  of  translational  free- 
dom and  three  degrees  of  rotational  free- 
dom of  the  relative  motion.  Figure  2  illus- 
trates, in  simplified  schematic  form,  the 
control  scheme  for  one  such  channel.  The 


Retroreflective 
Patches 
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Figure  1.  The  Docking  Target,  mounted  on 
a  post  on  the  passive  vehicle,  has  three 
reflective  dots,  the  positions  of  which  can 
bemeasured  in  an  innage  to  determine  the 
relative  position  and  orientation  of  the 
target  and  vehicle. 


position  and  orientation  and  the  rate  of 
change  of  position  and  orientation  are 
multiplied  by  feedback  gain  coefficients, 
then  differenced  to  provide  a  continuous 
rate-error  signal.  These  signals  are  passed 
through  dead-band  processors  and  hard- 
limited  to  accommodate  (in  the  spacecraft 
application)  the  minimum  and  maximum 
allowable  firing  times  of  the  thrustors  per 
cycle.  In  addition,  if  the  measured  rates  ex- 
ceed predivined  limits,  rate-limiting  proces- 
sors issue  commands  to  reduce  the  rates. 

This  work  was  done  by  Richard  Dabrey 
of  Marshall  Space  Flight  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  fiied. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Marshall  Space  Flight 
Center  Refer  to  MFS-28421/TN. 
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Figure  2.  This  Control  Channel  (one  of  six  similar  channels)  processes  video-sensor  feedback 
into  motion-control  signals  (thrustor  commands  in  a  spacecraft  or  motor  commands  in  a  robot). 


position  and  orientation  data  are  sampled 
at  discrete  times.  Random  noise  in  the 
sampled  data  is  partly  low-pass  filtered  out 
by  taking  pairwise  moving  averages  of  the 
samples.  Next,  the  rate  of  change  of  the 
reading  in  each  channel  (in  effect,  the  rela- 
tive translational  or  rotational  velocity  for 
the  degree  of  freedom  represented  by  that 
channel)  is  estimated  by  taking  the  differ- 
ence between  the  present  and  immediately 
preceding  pairwise  average  and  dividing 
by  the  sampling  period.  This  rate  estimate 
is  then  pairwise-moving-average-filtered. 
The  filtered  signals  that  represent  the 
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Optical  Modeling  off 
Segmented  Mirror 
Telescopes 

Fabrication  and  alignment 
errors  are  analyzed. 

A  report  describes  how  to  nnodel  optical- 
path-length  errors  caused  by  errors  in  the 
fabrication  and  alignment  of  hexagonal  seg- 
ments of  a  segmented  mirror  telescope.  This 
study  was  motivated  by  the  trend  toward 
lightweight  designs  of  astronomical  reflec- 
tors composed  of  such  segments,  which 
can  be  deployed  or  erected  on  ground  or 
in  space. 

The  analysis  begins  with  development  of 
a  mathematical  model  to  describe  the  sur- 
face errors.  The  basic  equations  for  the  sag 
of  an  ideal  mirror,  the  sag  of  a  mirror  with 
fabrication  errors,  and  the  effects  of  align- 
ment errors  on  sag  are  presented.  Equations 
of  geometric  transformation  are  then  derived 
to  describe  the  six  types  of  misalignment 
of  a  mirror  segment:  two  translations  per- 
pendicular to  the  optical  (z)  axis,  a  rotation 
about  an  axis  parallel  to  the  z  axis,  and  two 
tilts  about  either  of  the  two  axes  (x  or  y)  per- 
pendicular to  the  z  axis.  Fabrication  errors 
are  described  in  terms  of  Zernike  polynomials 
in  coordinate  systems  centered  on  the  seg- 
ments. Surface  errors  caused  by  errors  in 
base  curvature  are  also  quantified.  The 
equations  for  the  various  errors  and  transfor- 
mations are  combined  along  with  that  for 


piston  error  (pure  translation  along  the  z  axis) 
to  obtain  an  equation  for  the  overall  sag  er- 
ror of  the  surface  and  the  optical  path  dif- 
ference, which  is  approximately  twice  the 
sag  error 

This  is  followed  by  a  discussion  of  the 
use  of  the  foregoing  equations  to  analyze 
the  optical  effects  of  manufacturing  and  as- 
sembly tolerances  and  to  determine  what 
adjustments  (eg.,  in  piston  or  tilt)  could  com- 
pensate for  some  of  the  optical  degrada- 
tion caused  by  decenter,  rotation,  fabrica- 
tion errors,  or  differences  of  radius.  The  kind 
of  compensation  analysis  described  here 
amounts  to  finding  the  best  position  and 
orientation  of  each  segment  with  respect 
to  the  nominal  paraboloid  by  minimizing 
the  sag  error  over  the  aperture.  It  yields 
data  on  the  best  optical  performance  that 
can  be  expected  in  the  presence  of  the 
given  manufacturing  and  alignment  errors 
and  on  the  dynamic  ranges  of  the  actuators 
needed  to  achieve  compensation. 

The  discussion  then  turns  to  practical 
implementation  via  computer  programs. 
First,  it  is  shown  how  the  boundary  of  the 
array  of  hexagonal  apertures  can  be  speci- 
fied in  CODE  V,  a  commercial  optical-an- 


alysis program  that  computes  wavefront- 
aberration  maps  and  point-spread  functions. 
Next,  there  is  a  description  of  SMMAT  a 
program  that  calculates  the  sag-error  and 
OPD  data,  which  can  be  input  into  CODE 
V  for  graphical  representation.  An  exam- 
ple of  an  application,  a  tolerance  study  of 
NASA's  Precision  Segmented  Reflector 
(PSR),  a  paraboloidal  mirror  with  two  rings 
of  hexagonal  elements,  a  base  radius  of 
curvature  of  5.2  m,  and  an  entrance-pupil 
diameter  of  4.33  m,  is  presented.  For  the 
particular  case,  it  is  shown  that  compen- 
sation can  improve  performance  by  a  fac- 
tor of  -100.  The  predominant  error,  after 
compensation,  is  found  to  be  the  root- 
mean-square  surface  error  The  quality  of 
the  figure  of  each  segment  is  found  to  be 
paramount  in  achieving  high  optical  fideli- 
ty, while  such  gross  alignment  errors  as 
rotation  and  decenter  can  be  tolerated  be- 
cause of  compensation  in  focus  and  tilt. 
This  work  was  done  ty/  Paul  K.  Manhart 
of  Caltech  and  John  M.  Rodgers  of 
Optical  Research  Associates  for  NASA's 
Jet  Propulsion  Laboratory. 
NPO-17961/TN 
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Rotary  Coupling  Extends  Life  of  IHose 

The  coupling  eliminates  fatigue  stress  at  the  fixed  end. 


An  oscillating  rotary  coupling  enables 
a  hose  to  withstand  bending  oscillations 
without  leaking.  The  coupling  is  intended 
for  use  where  a  hose  is  connected  to  a  sta- 
tionary structure  at  one  end  and  to  an  oscil- 
lating structure  on  the  other  end. 

The  coupling  —  a  sun-and-planetary 
pulley  system  —  eliminates  torque  at  the 
fitting  where  the  hose  joins  the  fixed  struc- 
ture. This  is  the  weakest  point  on  the  hose 
and  the  point  where  rupture  usually  occurs. 
The  pulley  coupling  requi  res  less  hose  than 
conventional  helical-wrap  couplings  do, 
and  its  weight,  pressure  drop,  heat  loss  or 
gain,  and  fluid  contents  are  therefore  also 
less. 

The  new  coupling  was  conceived  for  use 
on  the  Space  Station  to  transfer  vapors 
across  rotary  joints  to  directional  radiators 
for  condensation  or  to  transfer  liquids  to  gim- 
balled  payloads  for  evaporation.  On  Earth, 
it  could  be  used  to  carry  working  fluids  to 
and  from  evaporative  solar  collectors  that 
follow  the  path  of  the  Sun.  Although  a  single 
coupling  can  be  turned  through  only  a  limit- 
ed angle,  it  can  be  cascaded  with  another 
similar  unit  to  give  full  360°  rotation. 

An  assembly  that  mimics  the  sun-and- 
planet  pulley  arrangement  was  used  to  test 
the  endurances  of  hoses  in  the  new  coup- 
lings (see  figure).  Each  test  hose  was 
wrapped  around  the  5-in.  (12.7-cm)  radius 
sun  and  planet  pulleys,  resting  in  the  edge 
grooves  of  the  pulleys.  The  mobile  end  of 
the  hose  was  sealed,  and  a  gas  supply  at 


Pressure 
Gauge 


This  Machine  Tests  Hoses  for 

durability.  As  the  sun  pulley  ro- 
tates, it  moves  the  planet  pulley 
in  the  guide  track.  The  hose  is 
flexed  with  each  oscillation  of 
the  pulleys. 


Multiple  Sun 

Guide  Tracks        Pulleys 


the  fixed  end  pressurized  the  hose.  The  sun 
pulley  was  rotated  back  and  forth,  repeat- 
edly flexing  the  hose.  If  the  hose  ruptured, 
a  pressure  switch  turned  off  the  drive  motor. 
Corrugated  stainless-steel  hoses,  each 
with  one  layer  of  braid  and  with  inside  diam- 
eters of  3/8  in.  (9.5  mm)  and  1/2  in.  (13  mm), 
respectively,  withstood  between  30,000 
and  40,000  flexures  before  rupturing.  The 
same  type  of  hose  with  a  1/4-in.  (0.6-cm) 
inside  diameter  withstood  twice  as  many 


f 


cycles.  Polytetrafluoroethylene  hoses 
lasted  even  longer:  after  400,000  cycles, 
convoluted  polytetrafluoroethylene  hoses 
of  1/2  in.  (13  mm)  inside  diameter  leaked 
only  slightly  while  smooth-bore  polytetra- 
fluoroethylene hoses  of  3/8  in.  (9.5  mm)  in- 
side diameter  did  not  leak  at  all. 

This  work  was  done  by  Steve  Benner, 
Frederick  Costello,  and  Theodore  Swan- 
son  of  Goddard  Space  Flight  Center. 
GSC-13316/TN 
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Simulation  of  Flow  in  a 
Turbine  Cascade 

A  lower-upper  implicit 
scheme  and  interactive 
generation  of  grids  are  used. 

A  report  discusses  the  application  of  a 
lower-upper  (LU)  implicit  numerical-integra- 
tion scheme,  together  with  an  interactive 
grid-generation  method,  to  the  simulation 
of  inviscid,  compressible  flow  in  a  two-di- 
mensional model  of  a  turbine  cascade.  TTiis 
study  is  part  of  the  continuing  effort  to  de- 
velop techniques  for  the  computation  of 
complicated  three-dimensional  flows  in  tur- 
bomachinery. 

The  Euler  equations  of  two-dimensional 
flow  are  presented  in  conservation-law 
form,  then  transformed  to  curvilinear  coor- 
dinates that  conform  to  the  flow  bounda- 
ries. The  LU  implicit  scheme  is  then  intro- 
duced. This  scheme,  which  was  developed 
previously,  is  an  approximate-factorization 
scheme  that  requires  the  inversion  of  only 
sparse  lower  and  upper  triangular  matri- 
ces —  a  procedure  that  can  be  performed 
efficiently  without  extensive  storage  of  data. 


As  an  implicit  scheme,  it  allows  the  attain- 
ment of  the  steady  state  via  a  large  time 
step. 

The  interactive  computer  program  TUR- 
BO, still  undergoing  development,  is  used 
to  generate  computational  grids.  This  pro- 
gram uses  the  control-point  form  of  alge- 
braic grid  generation,  in  which  the  shapes 
and  positions  of  coordinate  curves  are  ad- 
justed from  control  points  distributed  sparse- 
ly throughout  the  flow  and  the  grid  con- 
forms precisely  to  the  boundaries.  As  an  al- 
gebraic method,  the  control-point  form  pro- 
vides explicit  control  of  the  grid  structure 
and  requires  relatively  few  computations. 
One  distinct  advantage  of  the  TURBO  pro- 
gram over  other  grid-generation  programs 
is  that  it  allows  the  local  grid  structure  to 
be  changed  as  necessary  (e.g.,  refined  in 
regions  of  high  curvature  or  anticipated 
high  gradients)  for  flows  bounded  by  sur- 


faces with  complicated  shapes. 

The  basic  interactive  process  of  TURBO 
is  illustrated  with  examples  of  grids  fitted 
to  turbine  stator  vanes  and  cascades  of 
such  vanes.  The  LU  implicit  scheme  is  used 
to  simulate  the  inviscid,  compressible  flow 
on  one  of  the  cascade  grids.  The  predic- 
tions of  the  implicit  scheme  are  shown  to 
agree  closely  vwth  laser-anemometer  meas- 
urements of  velocity  and  measurements  of 
pressure  on  the  surfaces  of  a  vane  in  an 
experiment  in  a  cascade  that  was  annular 
but  othenwise  had  similar  geometry. 

This  work  was  done  by  Yung  K.  Choo 
of  Lewis  Research  Center,  Woo-Yung  Soh 
of  Sverdrup  Technology,  Inc.,  and  Seok- 
kwan  Yoon  of  MCAT  Institute  for  Ames 
Research  Center. 
ARC-12551/TN 
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Superconducting  Magnetic  Projectile  Launcher 

Magnetic  flux  compressed  by  a  superconducting  plunger  would  expel  a  small  projectile. 


A  proposed  projectile  launcher  would 
exploit  thie  Meissner  effect  to  transfer 
much  of  the  kinetic  energy  of  a  relatively 
massive  superconducting  plunger  to  a 
smaller  projectile,  thus  accelerating  the 
projectile  to  high  speed.  Because  it  w/ould 
operate  with  magnetic  fields,  the  launcher 
would  not  be  limited  by  gas-expansion  ther- 
modynamics. The  plunger  could  be  ener- 
gized mechanically  and/or  chemically,  thus 
avoiding  the  need  for  large  electrical 
power  supplies  and  energy-storage  sys- 
tems like  those  required  by  such  elec- 
tromagnetic launchers  as  rail  guns  or 
coaxial  accelerators. 

The  speed  of  the  projectile  should  ex- 
ceed that  achievable  by  direct  chemical 
propulsion  (e.g.,  artillery)  and  should  be 
comparable  to  that  achievable  with  the 
aforementioned  electromagnetic  launch- 
ers. Potential  applications  include  the 
launching  of  projectiles  for  military  pur- 
poses and  for  scientific  and  industrial  tests 
of  hypen/elocity  impacts. 

The  plunger  and  the  projectile  would  fit 
into  separate  cylindrical  clearance  holes 
or  barrels  in  a  superconducting  ring  (see 
Figure  1 ).  A  slot  would  connect  the  two  bar- 
rels. The  operation  of  the  launcher  de- 
pends on  the  use  of  the  trapped  magnetic 
flux  as  a  compressible  medium  to  apply 
force  to  the  projectile. 

To  trap  magnetic  flux  in  the  ring,  the  ring 
must  be  cooled  from  the  normal  resistive 
state  to  the  superconducting  state  while  it 
is  immersed  in  a  magnetic  field.  Because 
magnetic  flux  cannot  penetrate  a  super- 
conductor (the  Meissner  effect),  the  flux 
passing  through  the  hole  in  the  ring  when 
the  ring  became  superconducting  would 
be  trapped  there  as  long  as  the  ring  re- 
mained in  the  superconducting  state. 
Typically,  the  initial  strength  of  the  magnet- 
ic field  in  the  barrels  would  be  in  the  range 


0.01  to  0.10  tesla.  In  preparation  for  firing, 
the  projectile  would  be  placed  in  the 
smaller  barrel  at  a  point  just  beyond  its 
equilibrium  point.  As  the  plunger  entered 
the  larger  barrel  from  the  opposite  side  of 
the  ring,  the  magnetic  flux  would  be  com- 
pressed into  the  slot  and  the  remaining 
clearance  space  around  the  projectile  and 
plunger,  reaching  a  flux  density  of  about  5 
to  10  teslas.  In  the  process,  part  of  the  flux 
would  pass  from  the  larger  barrel  into  the 
smaller  barrel.  The  compressed  flux  would 
exert  a  large  force  on  the  projectile,  expel- 
ling it  from  the  barrel  at  high  speed.  Kinetic 
energy  from  the  plunger  would  thus  be 
transferred  to  the  projectile  via  the  mag- 
netic field. 


Plunger 


Ring 


Figure  2.  A  Multisegment 
Launcher  would  transfer  a 
larger  fraction  of  the  total  ki- 
netic energy  of  the  plunger  to 
the  projectile 


For  greater  overall  acceleration  of  the 
projectile,  several  rings  could  be  used  in 
sequence,  as  shown  in  Figure  2.  The  posi- 
tions of  the  small  barrels  must  be  pro- 
gressively offset  with  respect  to  the  large 
barrels  to  allow  for  the  differing  speeds  of 
projectile  and  plunger 

For  greater  efficiency,  a  superconduct- 
ing permanent  magnet  could  be  used  as 
the  plunger  The  launcher  could  also  ac- 
celerate permanent-magnet  projectiles  by 
ordinary  magnetic  repulsion. 

This  work  was  done  by  Darrell  L  Jan 
and  Daniel  D.  Lawson  of  Caltecli  for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-17746/TN 
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Figure  1 .  The  Magnetic  Pro- 
jectile Launcher  would  use 
magnetic  flux  compressed  by 
a  Sijperconducting  plunger  to 
accelerate  a  small  supercon- 
ducting projectile  to  a  speed 
much  higher  than  that  of  the 
plunger. 


SIDE  VIEW,  TYPICAL  SEGMENT 
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MULTISEGMENT  LAUNCHER 
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Using  Multiple  Grids 
To  Compute  Flows 

Applications  include  flows 
in  turbomachinery 
and  about  helicopters. 

A  paper  discusses  the  decomposition 
of  global  grids  into  multiple  patched  and/ 
or  overlaid  local  grids  in  computations  of 
fluid  flow.  Such  "domain  decomposition"  is 
particularly  useful  in  the  computation  of 
flows  about  complicated  bodies  that  move 
relative  to  each  other;  for  example,  flows 
associated  with  rotors  and  stators  in  turbo- 
machinery  and  rotors  and  fuselages  in  heli- 
copters. 

The  finite-difference  numerical  solution 
of  the  equations  of  fluid  flow  requires  the 
generation  of  a  grid  in  the  region  of  interest. 
The  paper  begins  by  introducing  the  prob- 
lem of  the  generation  of  grids.  It  shows  how 
decomposition  into  multiple  grids  can  sim- 
plify the  spatial  discretization,  provide  for 
increased  spatial  resolution  where  neces- 
sary, enable  the  use  of  different  sets  of 
equations  in  different  parts  of  the  flow,  and 
simplify  the  processing  of  large  blocks  of 
data. 


The  introduction  continues  with  a  dis- 
cussion of  the  patched-  and  overlaid-grid 
approaches  to  domain  decomposition.  Ex- 
amples of  each  are  presented,  and  relative 
advantages  and  disadvantages  are  dis- 
cussed. A  primary  consideration  in  both 
approaches  is  the  proper  treatment  of  grid 
points  on  the  interfaces  to  ensure  the  ac- 
curate transfer  of  information  between 
subdomains.  In  order  that  discontinuities  in 
flows  (e.g.,  shocks)  move  freely  across  in- 
terfaces without  adverse  affects  on  the  ac- 
curacies of  the  simulations,  it  is  required 
that  the  interface  procedure  be  numerical- 
ly stable,  spatially  and  temporally  accur- 
ate, conservative,  and  easily  applicable  in 
generalized  coordinates. 

In  the  next  section  of  the  paper,  a  con- 
servative patched-grid  interface  scheme  is 
developed  for  an  explicit  finite-difference 
representation  of  the  conservation-law 
form  of  the  Euler  equations  of  unsteady 


flow.  A  nonconservative  scheme  (which  is 
conceptually  simpler  than  the  conserva- 
tive scheme)  for  patched  and  overlaid  grids 
is  also  developed. 

The  patched-grid  method  is  then  applied 
to  a  two-dimensional  simplified  mathemati- 
cal model  of  rotor/stator  interaction  in 
which  two  circular-arc  airfoils  move  rela- 
tive to  each  other.  A  subgrid  is  attached  to 
each  airfoil,  and  the  two  subgrids  slide  with 
respect  to  each  other  along  a  zonal  bounda- 
ry. The  Euler  equations  are  solved  numeri- 
cally on  this  grid,  and  the  results  are  pre- 
sented in  the  form  of  pressure  contours 
and  other  plots. 

This  work  was  done  by  Man  Mohan  Rai 
of  Ames  Research  Center 
ARC-12321/TN 
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Computing  Lives  and 
Reliabilities  of  Turboprop 
Transmissions 

A  modular  program  performs 
analyses  for  components 
and  for  entire  systems. 

The  computer  program  PSHFT  calcu- 
lates the  lifetimes  of  a  variety  of  aircraft 
transmissions.  A  generalized  life-and-relia- 
bility  mathematical  model  is  presented  for 
turboprop  and  parallel-shaft,  geared  prop- 
fan  aircraft  transmissions.  The  model  is  a 
combination  of  the  mathematical  models 
for  reliabilities  of  all  the  bearings  and  gears 
in  the  main  load  paths.  These  models,  in 
turn,  are  based  on  the  statistical  two-pa- 
rameter Weibull  failure-distribution  method 
and  classical  theories  of  fatigue.  The  com- 
puter program  developed  to  calculate  the 
model  for  the  overall  transmission  is  mod- 
ular In  its  present  form,  the  program  can 
analyze  five  different  transmission  arrange- 
ments. Moreover,  the  program  can  be  easi- 
ly modified  to  include  additional  transmis- 
sion arrangements. 

PSHFT  uses  the  properties  of  a  com- 
mon block  tw/o-dimensional  array  to  sep- 
arate the  values  that  represent  the  prop- 
erties of  components  and  of  the  entire 
transmission  from  the  analysis  subrou- 
tines. The  rows  correspond  to  specific 
components,  except  that  the  first  row  con- 


tains the  values  for  the  entire  transmission. 
Columns  contain  the  values  for  specific 
properties.  Inasmuch  as  the  subroutines 
(which  determine  the  life  and  dynamic 
capacity  of  the  transmission)  interact  sole- 
ly with  this  array  of  property  values,  they 
are  separated  from  any  specific  transmis- 
sion configuration.  The  system-analysis 
subroutines  work  in  an  identical  manner 
for  all  transmission  configurations  con- 
sidered. Thus,  other  configurations  can  be 
added  to  the  program  by  simply  adding 
subroutines  that  determine  properties  of 
components. 

PSHFT  consists  of  a  main  program,  a 
series  of  subroutines  that  apply  to  specific 
configurations,  generic  subroutines  for  the 
analysis  of  properties  of  components,  sub- 
routines for  the  analysis  of  the  system,  and 
a  common  block.  The  main  program  se- 
lects the  routines  to  be  used  in  the  analysis 
and  causes  them  to  operate  in  the  desired 
sequence.  The  series  of  configuration-spe- 
cific subroutines  put  in  the  configuration 
data,  perform  the  force  and  life  analyses 
for  the  components  (with  the  help  of  the 


generic  component-property-analysis  sub- 
routines), fill  the  property  array,  call  up  the 
system-analysis  routines,  and  finally  print 
out  the  results  of  the  analysis  for  the  sys- 
tem and  components. 

PSHFT  is  written  in  FORTRAN  77(1  V) 
and  compiled  on  a  Microsoft  FORTRAN 
compiler  The  program  will  run  on  a  com- 
puter that  is  compatible  with  an  IBM  AT 
personal  computer  and  that  has  at  least 
104K  bytes  of  memory  The  program  was 
developed  in  1988. 

This  program  was  written  by  J.J.  Coy 
of  Lewis  Research  Center,  M.  Savage 
oftlie  University  of  AI<ron,  and  K.C.  Radii 
and  D.G.  Lewicl<i  of  AVSCOI\/l. 
LEW-14905/TN 
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Computing  Rotational/ 
Vibrational  Dynamics 
of  Turbine  Engines 

This  program  computes 
transient  and  steady-state 
responses  to  applied  stimuli. 

The  Turbine  Engine  Transient  Response 
Analysis  program,  TETRA  2,  was  deve- 
loped to  calculate  the  dynamic  response 
of  the  structure  of  a  turbine  engine  to  ap- 
plied stimuli.  The  loss  of  a  blade  at  oper- 
ating speed  is  usually  the  primary  initiator 
of  a  failure  that  could  ultimately  lead  to 
shutdown  of  the  engine.  In  the  event  of 
damage  to  the  engine,  shutdown,  or  failure, 
an  assessment  of  damage  cannot  discrim- 
inate between  the  damage  caused  pri- 
marily by  transients  and  the  damage 
caused  by  steady-state  operation  after  the 
loss  of  a  blade  and  before  shutdown. 
Therefore,  TETRA  2  includes  options  for 
the  calculation  of  both  transient  response 
and  steady-state  forced  response.  TETRA 
2  should  help  the  turbine  engineer  in  un- 
derstanding basic  transient  and  steady- 
state  responses  of  the  whole  structure  and 
in  identifying  the  crucial  problem  areas. 
This  could  lead  to  the  design  of  turbine 
engines  that  respond  more  robustly  to  ap- 
plied stimuli. 

TETRA  2  is  based  on  a  component-ele- 
ment method  and  a  modal  synthesis  ap- 
proach. The  program  allows  the  use  of 
linear,  as  well  as  nonlinear,  connecting  ele- 
ments. Both  transient  and  steady-state  op- 
tions can  include  flexible  blade  disks  and 
nonlinear  connecting  elements  (including 


deadbands  and  hardening/softening  springs). 
The  component  elements  consist  of  elas- 
tic and  rigid  elements  described  by  gener- 
alized coordinates,  and  physical  connec- 
ting elements  that  model  bearing/frame 
springs  and  dampers,  rotor-case  hub 
springs,  and  gyroscopic  cross-axis  coupl- 
ing effects.  The  generalized  coordinates 
are  based  on  the  free-free  vibrational 
modes  and  partially  constrained  vibrational 
modes  associated  with  the  structures  of 
subsystems  of  the  engine. 

The  component-element  method  ex- 
tends the  conventional  modal  analysis  pro- 
cedure to  account  for  physical-damping 
and  symmetric-stiffness  terms,  and  rotor- 
case  rubs  including  the  effects  of  force 
deadbands  associated  with  the  structural 
clearances.  The  resulting  reduced  system 
of  second-order  differential  equations  is 
solved  by  an  explicit  numerical-integration 
scheme  to  obtain  the  transient  response. 
The  transient  option  includes  the  additional 
capability  to  calculate  response  with  a 
squeeze-film  bearing  module. 

The  input  to  TETRA  2  consists  of  a 
description  of  the  various  subsystems  of 
the  structure  and  of  the  elements  that  con- 
nect these  subsystems.  The  normal  vibra- 
tional modes  of  each  subsystem  must  be 
calculated  outside  the  TETRA  2  program, 


usually  by  a  structural-analysis  program 
like  NASTRAN  (available  from  COSMIC). 
Modal  input  to  TETRA  2  includes  the 
modes  and  the  number  of  modes  used  to 
represent  each  subsystem  The  user  also 
specifies  the  engine-operating  conditions 
such  as  speed,  amount  and  location  of  un- 
balance, and  time  interval  TETRA  2  sum- 
marizes the  output  in  a  plot  file,  which  per- 
mits such  postprocessing  as  fast  Fourier 
transforms  or  graphical  animation. 

The  TETRA  2  program  is  written  in  FOR- 
TRAN 77  for  batch  execution  and  has  been 
implemented  on  a  CRAY  X-MP  computer 
with  a  central-memory  requirement  of  ap- 
proximately 700K.  The  TETRA  2  program 
was  developed  in  1986. 

This  program  was  written  by  V.G. 
Gallardo,  G.  Black  and  M.J.  Stallone  of 
General  Electric  Co.  for  Lewis  Research 
Center  LEW-14770/TN 
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Simulating  the 
Performance  of  a  Scramjet 

The  SCRAM  program 
represents  a  compromise 
among  speed,  accuracy, 
and  ease  of  modification. 

The  SCRAM  computer  program  deter- 
mines, according  to  a  one-dimensional 
mathematical  model,  the  cycle  perform- 
ance for  airframe-integrated  subsonic  or 
supersonic  combustion  Ramjets.  The  sub- 
sonic/supersonic combustion  ramjet  cy- 
cle, which  uses  hydrogen  for  fuel  and  air 
for  oxidation,  is  essential  for  the  develop- 
ment of  a  propulsion  system  for  single- 
stage-to-orbit  aerospace  vehicles.  These 
vehicles  are  intended  to  be  launched  hori- 
zontally as  opposed  to  the  vertical  launch- 
ing of  current  space  vehicles.  In  addition, 
they  must  achieve  hypersonic  flight  to 
mach  25  for  insertion  into  low  orbits  around 
the  Earth.  The  propulsion  system  of  such 
a  vehicle  must  be  reusable,  efficient,  and 
cost  effective. 

The  scramjet  cycle  analysis  code  simu- 
lates, from  nose  to  tail,  a  hydrogen-fueled, 
airframe-integrated  scramjet  in  a  real  gas 
flow  with  equilibrium  thermodynamic  prop- 
erties. This  enables  rapid  scramjet  per- 
formance estimates.  SCRAM  is  a  relia- 


ble, efficient,  and  speedy  ramjet  designer's 
software  tool  that  is  usable  on  all  standard 
computers  down  to  those  compatible  with 
1MB  PC-AT's. 

Developed  in  the  Hypersonic  Propulsion 
Branch  at  NASA  Langley  Research  Center 
for  the  Hypersonic  Research  Engine  and 
Langley  3-Strut  engine  programs,  the  cur- 
rent version  of  this  code  has  been  modified 
by  the  NASA  Dryden  Flight  Research  Facili- 
ty of  the  Ames  Research  Center  to  support 
testing  of  the  engines  of  the  Langley  Strut- 
less  Parametric  Engines  and  the  National 
Aerospace  Plane  (NASP).  The  current  ver- 
sion of  SCRAM  optimizes  the  tradeoffs  be- 
tween the  needs  for  speed  of  computa- 
tion, accuracy,  and  future  modifications. 
The  program  incorporates  a  five-station- 
geometry  model,  with  steps  of  variable 
size  between  the  stations,  to  perform  a 
nose-to-tail  analysis  of  the  mass-capture 
stream  tube  control  volume.  SCRAM  ap- 
plies the  laws  of  the  conservation  of  mass, 
momentum,  and  energy  across  each  step 


to  calculate  the  changing  parameters  of 
the  flow.  The  code  incorporates  an  integral 
boundary-layer  code  based  on  the  Spauld- 
ing-Chi  Method  to  determine  the  coefficient 
of  friction,  then  uses  a  modified  Reynolds 
analogy  to  calculate  the  transfer  of  heat. 
Although  the  code  was  written  primarily 
for  supersonic  flows,  it  has  been  modified 
to  accommodate  subsonic  flows,  and  dual- 
mode  operation  of  the  combustor 

The  program  is  written  in  FORTRAN  77 
and  is  machine  independent.  It  has  a  mem- 
ory requirement  of  300  K  and  originated 
in  1968. 

This  program  was  written  by  James  T. 
Walton  of  Ames  Research  Center. 
ARC-12338/TN 
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Calculation  of  Pneumatic  Attenuation  in  Pressure  Sensors 

Errors  are  introduced  by  transmission  along  narrow  tubes. 


Errors  caused  by  attenuation  of  air- 
pressure  waves  in  narrow  tubes  can  be 
calculated  by  a  method  based  on  funda- 
mental equations  of  flow.  The  method  was 
developed  because  of  the  need  to  under- 
stand and  compensate  for  f  rictional  atten- 
uation in  the  narrow  tubes  used  to  connect 
aircraft  pressure  sensors  with  pressure 
taps  on  the  affected  surfaces.  This  is  an  im- 
portant problem  because  modern  aircraft- 
control  systems  rely  in  part  on  accurate 
measurements  of  pressure,  and  frictional 
attenuation  in  the  tubes  is  responsible  for 
significant  losses  in  the  high-frequency 
components  of  pressure  waves  arriving  at 
the  sensors. 

For  the  purposes  of  analysis,  a  round, 
cylindrical  pressure  sensor  is  considered 
to  be  connected  to  a  surface  pressure  tap 
by  a  straight,  narrow,  round,  cylindrical 
tube  (see  figure).  The  pressure  P,  density  p, 
temperature  T,  and  axial  flow  averaged 
across  the  diameter  of  the  tube  U  are  con- 
sidered to  depend  only  on  time  t  and  on  the 
position  along  the  axis  of  the  tube  x.  The 
flow  of  air  in  the  tube  is  represented  by  the 
Navier-Stokes  equations  of  viscous,  com- 
pressible flow.  TTie  polytropic  equation  of 
state  is  assumed  to  hold,  the  pressure 
behind  a  pressure  wave  propagating  along 
the  tube  is  assumed  to  be  independent  of 
position,  the  flow  along  the  tube  is  as- 
sumed to  be  slow  enough  that  the  speed  of 
sound  can  be  treated  as  approximately 
constant,  the  changes  in  pressure  are 
assumed  to  be  small,  and  the  tube  and 
sensor  are  assumed  to  have  lengths  and 
diameters  representative  of  those  en- 
countered in  practice. 
The  foregoing  conditions  allow  the 
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where  y  is  the  ratio  of  specific  heats,  t,  is 
the  heat-transfer  parameter  (1  <  |  <  y),  and 
c  =  the  speed  of  sound.  This  is  a  classical 
wave  equation  with  parameters  that  vary 
with  time.  Thus,  the  variation  of  pressure 
within  the  tube  can  be  visualized  as  the 
propagation  of  a  longitudinal  wave. 

The  boundary  conditions  are  the  pre- 
scribed pressure  at  the  upstream  (surface) 
end  of  the  tube  plus  those  conditions  that 
satisfy  the  equations  of  continuity  and 
momentum  at  the  downstream  (sensor) 
end.  The  initial  condition  is  constant  pres- 
sure and  zero  flow  at  all  locations. 

The  wave  equation  with  the  txjundary 
conditions  has  been  solved  numerically 
by  an  implicit  finite-difference  technique. 
Comparisons  of  the  solutions  with  experi- 
mental data  from  both  laboratory  and  flight 
step-function  and  frequency-response 
tests  indicate  that  the  mathematical  model 
can  accurately  predict  the  response  of  a 


Changes  in  Ambient  Pres- 
sure Are  Transmitted  along 
the  narrow  tube  to  the  sen- 
sor. The  attenuation  of  high- 
frequency  components  of 
the  pressure  wave  is  calcu- 
lated from  a  wave  equation 
derived  from  the  Navier- 
Stokes  equations  of  viscous 
flow  in  the  tube. 


simple  measurement  configuration  for  any 
sort  of  input.  Thus,  it  is  directly  applicable  to 
flight  data. 

In  principle,  by  applying  the  boundary 
conditions  in  the  reverse  direction  (letting 
the  downstream  pressure  be  directly 
measured  and  solving  continuity  and  mo- 
mentum at  the  upstream  end),  it  should  be 
possible  to  invert  the  mathematical  model 
to  obtain  a  computing  routine  that  could 
correct  for  pneumatic  attenuation  In  prac- 
tice, questions  of  numerical  stability  have 
arisen  in  connection  with  the  inversion 
problem;  this  stability  is  still  under  study 

This  work  was  done  by  Stephen  A. 
Whitmore  of  Ames  Research  Center 
Further  information  may  be  found  in  NASA 
TM -1 00430 [N88-20302].  "Formulation  of  a 
General  Technique  for  Predicting  Pneu- 
matic Attenuation  Errors  in  Airborne  Pres- 
sure Sensing  Devices. " 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service.  Springfield.  Virginia 
22161.  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  33&4  700. 
ARC-12210/TN 
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Gauge  Measures  Thicknesses  of  Blankets 


A  simple  tool  is  easy  to  use. 


A  tool  makes  highly  repeatable  meas- 
urements of  the  thickness  of  penetrable 
blanket  insulation.  It  includes  a  commer- 
cial holder  for  replaceable  knife  blades, 
which  holds  a  needle  instead  of  a  knife 
(see  figure).  The  needle  is  inserted  in  a 
blanket  until  the  point  of  the  needle  makes 
contact  with  the  hard  surface  on  which  the 
blanket  rests.  The  technician  allows  a 
weighted  slider  to  move  down  along  the 
holder  until  it  makes  contact  with  the 
blanket;  the  slider  compresses  the  blanket 
slightly  by  applying  its  weight  as  a  fixed 
preload.  This  ensures  consistent  measure- 
ments from  place  to  place  on  a  blanket 
and  from  blanket  to  blanket.  The  position 
of  the  top  of  the  slider  on  an  engraved 
scale  on  the  handle  of  the  tool  indicates 
the  thickness  of  the  blanket. 

The  needle  has  a  diameter  of  0.041  in. 
(1.04  mm)  and  a  length  of  3  1/4  in.  (83  mm). 
Its  tip  is  ground  to  a  three-sided  pyramid 
with  three  cutting  edges  that  easily  pene- 
trate the  cover  and  inner  layers  of  the  mul- 
tilayer insulating  blanket.  The  weight  and 
diameter  of  the  slider  are  determined  em- 
pirically by  evaluation  of  its  crushing  and 
billowing  effects  and  of  the  size  of  typical 
damaged  areas  of  blanket  to  be  inspected. 


The  Needle  Penetrates  the 
Blanket  to  establish  a  refer- 
ence plane.  The  ballasted 
slider  applies  a  fixed  pre- 
load to  the  blanket.  The 
technician  reads  the  thick- 
ness value  on  the  scale. 


For  the  particular  blankets  for  which  the 
tool  was  designed,  the  slider  applies  a  pre- 
load of  23  g  weight  (about  0.23  N)  over 
an  area  5/8  in.  (16  mm)  in  diameter 
This  work  was  done  by  George  R. 


Hagen  and  Stranley  Y.  Yoshino  of 
Rockwell  International  Corp.  for  Johnson 
Space  Center. 

MSC-21693/TN 
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Three-Dimensional  Moire  Pattern 

The  pattern  apparent  to  the  observer  can  indicate  the  observer's  position. 


Ttie  use  of  moire  patterns  to  determine 
positions  has  been  extended  to  three  di- 
mensions. Previously,  moire  patterns  have 
been  used  to  determine  positions  only 
along  lines  or  in  planes.  By  use  of  a  suitable 
three-dimensional  moire  pattern,  an  ob- 
server can  determine  the  position  of  the 
center  of  perspective,  thereby  also  receiv- 
ing an  indication  of  depth  even  without  a 
stereoscopic  view. 

The  three-dimensional  moire  concept 
requires  two  moire  templates  or  grids  (see 
figure),  which  do  not  necessarily  have  to  be 
flat.  The  grids  are  separated  from  each 
other.  The  template  on  the  side  closer  to 
the  observer  contains  alternating  black 
and  transparent  areas.  The  template  far- 
ther from  the  observer  contains  alternating 
black  and  white  areas. 

The  pattern  on  the  farther  template  is 
generated  mathematically  or  photographi- 
cally from  the  pattern  on  the  nearer  tem- 
plate. From  a  center  of  perspective  at  a  ref- 
erence location,  portions  of  the  farther 
template  are  visible  through  the  transpar- 
ent areas  of  the  nearer  template:  These 
are  the  portions  that  are  made  black. 

An  observer  looking  at  the  templates 
from  the  reference  position  sees  only 
black.  When  the  center  of  perspective  is 
changed  to  any  other  position,  the  observ- 
er sees  the  pattern  of  ttie  transparent, 
black,  and  white  areas  visible  from  that 
position.  The  patterns  on  the  templates 
can  be  chosen  so  that  the  moire  pattern 
seen  from  every  distinct  position  is  unique. 
Thus,  the  position  of  the  observer  or  ob- 
serving device  can  be  determined  by  inter- 


Separated  Moire  Templates  are 

covered  by  patterns  that  com- 
plement each  other  when  viewed 
by  an  observer  at  the  reference 
position. 
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preting  the  moire  pattern  in  terms  of  the 
corresponding  position. 

The  three-dimensional  moire  concept 
could  be  used  in  rangefinding  applications 
in  which  precision  is  not  required.  It  could 
be  used  to  gauge  the  location  of  a  mobile 
robot  in  an  environment  hostile  to  humans. 
A  robot  equipped  with  a  video  camera  and 
suitable  data-processing  equipment  that 
could  "read"  the  moire  pattern  would  be 
able  to  measure  its  own  position. 

This  work  was  done  by  Richard  D. 
Juday  of  Johnson  Space  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application   has  been   filed. 


Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Johnson  Space  Center 
Refer  to  MSC-21416/TN. 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
Mail  Code  IC-4 
Houston,  TX  77058 
(713)483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)  483^871 
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^EPA      Project  Summary 

Integrated  Air  Pollution  Control  System,  Version  4.0 


The  Integrated  Air  Pollution  Control 
System  (lAPCS)  was  developed  (or  the 
U.S.  Environmental  Protection  Agency's 
Air  and  Energy  Engineering  Research 
Laboratory  to  estimate  costs  and  per- 
formance for  emission  control  systems 
applied  to  coal-fired  utility  boilers.  The 
model  is  capable  of  projecting  a  mate- 
rial balance,  an  equipment  list,  and 
capital  investment  and  revenue  require- 
ments based  upon  user-specified  input 
data.  Included  in  the  model  are  con- 
ventional and  emerging  technologies 
for  controlling  sulfur  dioxide,  nitrogen 
oxide  (NO,),  and  particulate  emissions 
using  pre-combustion,  in-situ,  and  post- 
combustion  emission  controls.  A  vari- 
ety of  technology  modules  built  into  the 
model  can  be  incorporated  and  com- 
bined. Cost  and  performance  estimates 
can  be  analyzed  in  terms  of  integrated 
technologies.  Conventional  and  emerg- 
ing technologies  included  in  the  lAPCS 
Version  4.0  are  overfire  air/low  NO, 
burners,  lime  injection  multistage  burn- 
ers, physical  coal  cleaning,  coal 
switching  and  blending,  spray  humidifi- 
cation,  electrostatic  precipitator,  fabric 
filter,  lime  spray  drying,  wet  limestone 
flue  gas  desulfurization,  dry  sorbent  in- 
jection, natural  gas  reburning,  selective 
catalytic  reduction,  atmospheric  fluid- 
i/.ed  bed  combustion,  pressurized  fluid- 
ized  bed  combustion,  integrated 
gasification  combined  cycle,  and  pul- 
verized coal  burning  boiler. 

This  Project  Summary  was  developed 
by  EPA's  Air  and  Energy  Engineering 
Research  Laboratory,  Research  Triangle 
Park,  NC,  to  announce  key  findings  of 
the  research  project  that  Is  fully  docu- 
mented In  three  separate  reports  of  the 
same  title  (see  Project  Report  ordering 
information  at  back). 

Introduction 

The  Integrated  Air  Pollution  Control 
System  (lAPCS)  was  developed  for  the 
U.  S.  EPA's  Air  and  Energy  Engineering 
Research  Laboratory  to  estimate  costs  and 
performance  for  emission  control  systems 
applied  to  coal-fired  utility  boilers.  The 
model  generates  a  material  balance  and 
an  equipment  list  from  which  capital  in- 
vestment and  revenue  requirements  are 
estimated  based  upon  user-specified  input 
data.  The  model  includes  conventional  and 
emerging  technologies  for  controlling  sul- 
fur dioxide  (SOj),  nitrogen  oxides  (NO,),  and 
particulate  matter  (PM)  emission.  The  vari- 


ous technology  modules  can  be  combined 
with  interaction  and  integrated  effects  for 
various  control  configurations  reflected  in 
the  material  balance,  cost,  and  periormance 
estimates. 

Background 

The  lAPCS  computer  model  was  de- 
veloped to  estimate  cost  and  performance 
of  air  emission  control  equipment  for  coal- 
fired  utility  boilers.  The  lAPCS  model 
evolved  over  the  years  from  a  FORTRAN- 
coded  mainframe  computer  model  (the 
Shawnee  Model)  which  was  developed  by 
the  Tennessee  Valley  Authority.  The  first 
version  (unpublished)  of  lAPCS  (lAPGS- 
1),  a  mainframe  computer  model,  was 
completed  in  November  1983  and  was 
housed  at  U.S.  EPA's  National  Computer 
Center  (NCC).  An  IBM  PC  version  of  lAPCS 
(IAPCS-2)  was  published  in  September 
1986;  this  version  incorporated  a  number 
of  enhancements  and  upgrades  to  the 
various  pollution  control  modules.  A  third 
version  of  lAPCS  (IAPCS-3)  was  not  pub- 
lished, but  incorporated  additional  en- 
hancements and  added  several  new 
technology  modules,  including  selective 
catalytic  reduction  (SCR),  natural  gas 
reburning  (NGR),  and  gas  conditioning 
(GC).  The  latest  version  (lAPCS-4)  includes 
further  enhancements  to  technology  mod- 
ules and  a  numlaer  of  new  technologies. 

Model  Description, 
Organization,  and  Capability 

IAPCS-4  is  a  personal  computer-based 
model  for  cost  and  performance  estimates 
of  pollution  control  systems  for  coal-fired 
utility  boilers.  In  this  current  and  latest 
version,  a  C  language  User  Interface  has 
been  added  to  the  original  model  to  facili- 
tate the  input  of  data  for  the  FORTRAN 
model. 

lAPCS-4  consists  of  three  volumes  and 
three  diskettes:  Volume  1:  User's  Guide, 
Volume  2:  Technical  Documentation 
Manual,  and  Volume  3;  Programmer's 
Maintenance  Manual.  Diskette  1  contains 
the  Executable  Files.  Diskettes  2  and  3 
contain  the  Source  Code  Files  in  FOR- 
TRAN and  C  language  and  other  files  re- 
quired to  create  an  Executable  File. 

Instructions  for  compiling  the  program 
to  produce  an  Executable  File  from  the 
Source  Code  Files  are  in  Volume  3: 
Programmer's  Maintenance  Manual,  Sec- 
tion 1 .8,  Procedures  for  Building  the  lAPCS 
Program. 


The  lAPCS-4  documentation  format 
was  selected  to  facilitate  future  mainte- 
nance and  enhancement  of  the  lAPCS 
model.  This  includes  correction  of  software 
errors,  correction  of  existing  deficiencies, 
and  enhancement  of  the  modeling  system 
with  new  capabilities. 

Conventional  and  emerging  technolo- 
gies which  are  included  in  lAPCS-4  are; 


Physical  coal  cleaning/coal  switch- 
ing and  blending  (PCC/CS/B) 
Overfire  air/low  NO,  burners  (OFA/ 
LNB) 

Natural  gas  reburning  (NGR) 
Lime   injection   multistage   burners 
(LIMB) 

Advance         silicate         process 
(ADVACATE) 

Electrostatic  preciprtator  (ESP) 
Fabric  filter  (FF) 
Gas  conditionirtg  (GC) 
Lime/limestone  flue  gas  desulfuriza- 
tion (LLS/FGD) 

Lime  spray  drying/dud  spray  drying 
(LSD/DSD) 

Dry  sorbent  injection  (DSI) 
Selective  catalytic  reduction  (SCR) 
Atmospheric  fluidized  bed  combus- 
tion (AFBC) 

Pressurized  fluidized   bed   combus- 
tion (PFBC) 

Integrated   gasification   combined 
cycle  (IGCC) 
Pulverized  coal  burning  boiler  (PCBB) 


The  program  will  accept  any  reason- 
able configuration  of  these  technologies. 
Exceptions  include; 

Spray  humidification  cannot  be  uti- 
lized with  DSI  or  LSD. 
LSD  or  DSI  is  not  to  be  preceded  by 
a  FF  or  an  ESP. 

Identical  control  devices  in  series  are 
not  permitted. 


Control  technology  interactions  are 
shown  in  the  material  balance  tabulation  at 
the  exit  of  each  module. 

Parameter  files  are  an  important  fea- 
ture of  the  IAPCS-4  program.  The  param- 
eter file  has  specific  default  values  for 
program  operation  and  calculation.  Based 
on  a  recent  program,  the  user  may  then 
modify  these  default  values  for  preference 
and  site-specific  needs. 
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System  Flow  Chart 

Figure  1  is  a  System  flow  chart  for  the 
lAPCS  program.  The  symbols  and  format 
are  for  a  Yourdon  Context  Diagram.  A 
single  "bubble"  represents  an  overview  of 
the  entire  program,  with  external  sources 
(permanent  data  files)  and  sinks  (output 
files  and  reports)  depicted  as  blocks.  Data 
Stores  (internal  and  temporary  files)  are 
shown. 


Figure  1. 


lAPCS  system  How  chart. 


lAPCS  uses  four  permanent  files 
(sources)  to  operate: 

1)  A  User  Screen  Menu  and  Message 
Database  used  for  all  user  screens 
and  messages; 

2)  A  Default  Parameter  File  for  TVA 
format  runs; 

3)  A  Default  Parameter  File  for  EPRI 
format  runs;  and, 

4)  A  Database  of  Coal  Cleaning  Fac- 
tors. 

The  main  data  store  is  a  file  called  the 
Batch  File  which  contains  the  actual  nu- 
meric parameters  to  use  for  each  of  a 
series  of  lAPCS  runs.  Each  segment  of  the 
Batch  File  is  derived  from  numeric  values 
in  the  corresponding  Default  Parameter 
File. 

Only  one  of  the  two  Output  Reports 
(Data  Sinks)  is  produced  for  a  given  run: 
each  run  is  specific  to  either  the  TVA  or 
EPRI  Format.  Optionally,  these  Output  Re- 
ports may  be  appended  to  previously  cre- 
ated reports. 

System  Module  Hierarchy  Chart 

Figure  2  is  a  system  module  hierarchy 
chart  for  lAPCS.  For  the  purpose  of  inter- 
preting this  diagram,  a  module  means  a 
collection  of  functionally  related  subrou- 


tines. Figure  2  shows  these  functional  ar- 
eas further  subdivided  by  the  computer 
programming  language  used  for  each  (C 
or  FORTRAN). 
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Figure  2. 


lAPCS  system  module  hierarchy  chart. 


lAPCS  can  be  generalized  into  three 
components: 

1 )  A  small  C  language  control  routine; 

2)  A   mixed    language   user-interface 
component  (C  and  FORTRAN);  and, 

3)  A  FORTRAN  cost  modeling  compo- 
nent. 

Looking  at  the  top  of  Figure  2,  the  Main 
Control  Routine  is  the  top-most  module. 
Proceeding  in  a  top-down  fashion,  the  User- 
Interface  is  represented  by  the  entire  sub- 
tree shown  at  the  left  below  the  Control 
Routine.  The  Cost  Modeling  Component 
MODEL,  appears  as  the  right  sub-tree  be- 


low the  Control  Routine,  and  also  as  a 
sub-component  of  the  User-Interface. 

The  FORTRAN  Cost  Modeling  Compo- 
nent (MODEL)  is  invoked  directly  by  the 
main  Control  Routine  for  batch  mode  ex- 
ecution, or  indirectly  from  the  User-Interface 
component  for  interactive  mode  execution. 

lAPCS  uses  a  set  of  files  called  Param- 
eter Files,  alternatively  called  Input  Files. 
Two  special  Parameter  Files  called 
PARMFILE.TVA  and  PARMFILE.EPR 
contain  the  default  values  for  the  TVA  and 
EPRI  constants  used  in  the  costing  model. 
These  default  parameter  files  (or  any  other 
user-specified  parameter  files)  may  be 
loaded  into  the  input  screen  of  the  interac- 
tive user  interface  and  modified.  Param- 
eter file  data  from  the  user  interface  may 
then  be  used  to  create  new  parameter  files 
or  may  be  passed  directly  to  the  cost  mod- 
eling subsystem.  Parameter  file  data  from 
the  user  interface  may  also  be  stored  in 
the  form  of  Batch  Mode  Data  Files  for  later 
use,  as  shown  in  Figure  1. 

Model  Cost  Results 

IAPCS-4  can  present  estimates  for 
capital  costs,  levelized  costs,  and  unit  costs. 
These  costs  can  be  presented  in  constant 
or  current  dollars  for  any  specified  year. 

To  demonstrate  this  capability,  FGD 
cost  estimates  were  generated  for  a  500 
MW  unit  having  a  capacity  factor  of  65% 
and  burning  Illinois  No.  6  coal.  The  capital 
cost  estimate  was  $180/kW.  The  levelized 
annual  cost  was  8.0  mills/kWhr,  and  the 
unit  cost  was  $220Aon  of  SOj  removed. 
Costs  presented  were  in  constant  1988 
dollars. 
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*  «r  EPA      Project  Summary 


Literature  Review  of  Greenhouse  Gas  Emissions  from 
Biogenic  Sources 


A  literature  review  is  presented  of 
estimates  of  biogenic  emissions  of  five 
greenhouse  gases:  CO,,  CH^,  CO,  N^O, 
and  NO^.  Resuits  of  the  review  include 
data  and  information  from  about  170 
sources  published  over  the  past  10  years. 
The  report's  two  sections  cover  green- 
house gases  containing  (1)  carbon  and 
(2)  nitrogen.  Within  each  section,  emis- 
sions estimates  are  grouped  by  type  of 
source  or  sinl(  in  a  series  of  tables.  First, 
emission  factors  are  given  as  a  rate  in 
units  of  mass  per  unit  area  per  unit  time 
(e.g.,  I(g  ha*^  yr^),  except  for  NO  and  N^O 
produced  by  lightning.  Second,  budget 
estimates  are  provided  in  units  of  mass 
per  unit  of  time  (e.g.,  g  yr^).  Finally,  a  few 
authors  provided  reservoir  estimates  in 
units  of  mass  per  land  area  (e.g.,  kg  m^); 
these  represent  the  potential  amount  of 
a  greenhouse  gas  that  is  stored  in  a 
specific  ecosystem  or  type  of  biota.  Ot  her 
data  presented  in  the  report  are  specific 
to  the  gas  or  source  and  are  used  to 
calculate  a  total  budget  estimate  (e.g., 
land  estimates  for  CH^  emitted  from  rice 
paddies). 

This  Project  Summary  was  developed 
by  EPA's  Air  and  Energy  Engineering 
Research  Laboratory,  Research  Triangle 
Park,  NC,  to  announce  key  findings  of 
the  research  project  that  Is  fully  docu- 
mented In  a  separate  report  of  the  same 
title  (see  Project  Report  ordering  Infor- 
mation at  back). 

Introduction 

This  report  is  an  overview  of  the  quanti- 
tative estimates  of  biogenic  emissions  of 
five  greenhouse  gases:  carbon  dioxide 
(CO ),  methane  (CH^),  carbon  monoxide 
(CO),  nitrous  oxide  (N^O),  and  nitrogen  ox- 
ides (NOJ.  The  information  in  the  report 
was  developed  by  surveying  the  literature 
and  through  discussions  with  researchers 
who  have  published  recently  in  this  field. 
Although  it  does  not  represent  an  exhaus- 
tive search  of  all  research  and  studies 
conducted  to  date,  it  does  contain  a  con- 
siderable amount  of  data  and  information 
from  about  1 70  readily  available  sources 
published  over  the  past  10  years. 


The  report  is  divided  into  two  sections, 
covering  (1)the  cartxan-containing  green- 
house gases  and  (2)  the  nitrogen-containing 
greenhouse  gases.  Within  each  section, 
the  emission  estimates  are  grouped  by  type 
of  source  or  sink  in  a  series  of  tables  (see 
Table  1).  A  brief  explanatory  text  on  each 
greenhouse  gas  is  provided  within  the  tables. 

Ti-'ree  quantitative  emission  estimates 
are  provided  in  the  tables.  First,  emission 
factors  are  given  as  a  rate,  usually  in  units 
of  mass  per  area  per  unit  of  time  (e.g.,  kg 
ha'  yr').  The  one  exception  is  in  the  esti- 
mates of  NO^  and  N^O  produced  by  light- 
ning, for  which  the  emission  factors  are 
given  in  terms  of  mass  per  lightning  stroke 
or  mass  per  unit  of  energy  (e.g.,  molecules 
per  joule). 


Table  1.    Tables  Included  in  Full  Report 


Table  No. 

2-1  CO^  Emitted  from  Terrestrial  Biota 

2-2  The  Ocean  As  a  Sink  for  CO^ 

2-3  CH^  Emitted  from  Rice  Paddies 

2-4  CH^  Emitted  from  Wetlands 

2-5  CH^  Emitted  from  Tundra 

2-6  CH^  Emitted  from  Animals  (Ruminants) 

2-7  CH^  Emitted  from  Termites 

2-8  CH^  Emitted  from  BiomassBurning 

2-9  CO  Emitted  from  Biomass  Burning 

2- 10  CO  Emitted  from  Oceans 

2- 1 1  Soil  As  a  Sink  for  CO 

2- 12  CO  Emitted  from  the  Tropics 

2- 13  CO  Emitted  from  Rice  Paddies 

3- 1  N/D  Emitted  from  Fertilizer  Use 

3-2  Np  Emitted  from  Soils 

3-3  Np  Emitted  from  Aquifers 

3-4  NO^  Emitted  from  Soils 

3-5  NO^  Emitted  from  NH^  Oxidation 

3-6  NO^  and  Np  Emitted  from  Biomass  Burning 

3-7  NO^  and  Np  Emitted  from  Lightning 

3-8  NO^  and  Np  Emitted  from  Oceans 


580 


mm 


The  second  estimates  provided  are 
budget  estimates,  for  which  the  units  are 
mass  per  unit  of  time  (e.g.,  kg  yr ').  A  res- 
ervoir estimate  represents  the  potential 
amount  of  a  greenhouse  gas  that  is  stored 
in  a  specific  ecosystem  or  type  of  biota.  For 
example,  reservoir  estimates  of  carbon 
stored  in  various  ecosystems  are  cited. 
These  represent  the  amount  of  carbon  which 
would  be  released,  primarily  as  CO^,  if  the 
biomass  were  burned. 

Other  data  presented  in  this  report  are 
specific  to  a  gas  or  source  and  are  used  to 
calculate  atotal  budget  estimate.  Examples 
are  the  number  of  animals  per  unit  area,  for 
rr.ethane  emissions  from  ruminants,  and 
land  area  estimates,  for  methane  emitted 
from  rice  paddies. 

No  judgments  were  made  as  to  the 
quality  or  validity  of  the  data  included  in  the 
report;  data  were  derived  from  a  wide  range 
of  approaches,  including  field  measure- 
ments, laboratory  measurements,  mass 
balance  calculations,  and  theoretical  cal- 
culations. Although  the  "comments" column 
in  each  table  in  the  report  provides  some 
indication  of  the  origins  of  the  estimates,  the 
reader  is  strongly  advised  to  refer  to  the 
original  reference  before  using  any  of  the 
data  presented  in  this  report. 


In  some  cases,  summary  tables  from 
review  articles  were  used.  These  are  clearly 
noted  in  the  report,  and  the  primary  author 
and  date  are  provided.  Although  the  original 
reference  is  not  cited  in  the  reference  list,  it 
can  be  found  by  referring  to  the  review 
article. 

Journals  published  prior  to  February 
1 990  were  included  in  the  literature  survey; 
most  attention  was  given  to  major  journals 
concerned  with  biogeochemical  processes. 
These  include  Global  Biogeochemical 
Cycles,  the  Journal  of  Geophysical  Re- 
search, the  Journal  of  Atmospheric  Chem- 
istry, and  Atmospheric  Environment. 
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Manufacturing,  Machinery  & 
Tools 


0581  Environmentally  Acceptable  Materials,  Treatments  and  Processes 
Mantech  Thrust 

0582  PDES  Testbed 

0583  Solutions  to  Manufacturing  Problems  Only  A  Modem  Away  Through  The 
BMP  Data  Base 

0584  Alignment  Tool  for  Inertia  Welding — A  drive  bar  is  aligned  faster  and 
more  accurately. 

0585  Bar-Code-Scribing  Tool — A  hand-held  tool  would  mark  indelible  bar 
codes. 

0586  'Bearingless'  Bull  Gear— Weight  could  be  reduced  substantially. 

0587  Compact  Force-Reflecting  Hand  Controller — A  novel  design  keeps  joints 
mechanically  Independent. 

0588  Ion  Processes  Modify  Tribological  Properties  of  Surfaces — Treatments 
reduce  friction  and  increase  resistance  to  wear. 

0589  Laser  Welding  of  Contoured  Thin-Wall  Housings — Superalioy  parts  are 
joined  with  less  distortion. 

0590  Magnetic  Deflection  of  Welding  Electron  Beam — The  beam  is  redirected 
so  that  it  strikes  the  workpiece  at  an  effective  angle. 

0591  Multipiece  Mandrel  for  Spray-Forming  Complex  Parts — The  segmented 
mandrel  is  removable  and  reusable. 


Software 

0592    Automan  2.0  Makes  Automation  Decisions  Easier  With  Sensitivity 
Graphics 


Testing  &  Instrumentation 

0593     Stereoscopic  Video  Weld-Seam  Tracker — An  electronic  system  locates 
nearly  invisible  butt  joints. 


Othier  Items  of  Interest 

0600     Fabrication  of  Ceramic  Mats — A  slurry  of  ceramic  powder,  binder,  and 
solvent  would  be  extruded  through  a  spinneret. 
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U.S.  Army  Fact  Sheet 

U.S.  Army  Industrial  Engineering  Activity,  Rock  Island,  IL  61299-7260 

#      Environmentally  Acceptable  Materials,  Treatments 
and  Processes  Mantech  Thrust 


The  Environmentally  Acceptable  Materials, 
Treatments  and  Processes  (EAMTP)  is  a 
U.S.  Army  Materiel  Command  (AMC) 
Manufacturing  Technology  (ManTech) 
Thrust.  It  maintains  the  organization  and 
capabilities  to  enhance  environmental  and 
worker  safety  regulation  compliance  and 
supports  reduction  of  hazardous  waste  (pol- 
lution prevention).  This  thrust  area  was  ini- 
tiated in  fiscal  year  1988  (FY88),  and  is  the 
only  Department  of  Defense  (DoD)  Man- 
Tech  program  focused  solely  on  the 
environment. 

PRO-ACTIVE  THRUST 

This  program  is  pro-active  vice  reactive. 
The  program  is  oriented  toward  eliminating 
hazardous  material  and  hazardous  waste 
producing  manufacturing  processes  rather 
than  improving  handling,  treating,  dispos- 
ing, or  restoration.  The  organization  of  the 
thrust  program  encompasses  a  working 
group  (or  core  team)  of  technical  experts 
made  up  of  several  major  Army  commands 
and  contractor  personnel. 

An  executive  advisory  group  has  been  esta- 
blished to  avoid  duplication,  leverage  other 
efforts,  act  as  a  conduit  for  transfer  of  tech- 
nology, and  to  insure  program  credibility. 
The  executive  group  is  comprised  of 
representatives  from  other  services,  other 
federal  agencies,  academia,  industry,  and 
professional/technical  associations. 

SUBSTANTIAL  ACCOMPLISHMENTS 

Although  the  program  has  been  in  existence 
for  only  a  short  time,  there  have  been  some 
significant  accomplishments.  Navy  efforts 
on  ion  implantation  have  been  used  as  a 
basis  for  research  on  ion  implantation  of 
helicopter  parts.  Savings  have  been  made 
at   an   ammunition   plant   as   a   result   of 


eliminating  chromic  acid  rinse  in  a  waste 
stream.  Another  project  has  savings  as  a 
result  of  eliminating  the  use  of 
chlorofluorocarbons  (CFC)  for  metal  clean- 
ing. 

WIDE  APPLICA  TION 

These  projects  can  be  applied  to  other 
Army,  service,  and  commercial  industrial 
facilities.  In  addition  to  environmental 
"good  news",  and  cost  savings  associated 
with  environmental  compliance,  the  pro- 
gram is  concerned  with  toxicity  and  worker 
safety. 

Performance  evaluations  are  underway  on 
15  alternatives  to  cadmium.  The  cadmium 
plating  process  not  only  produces  a  hazar- 
dous waste,  cadmium  itself  is  purported  to 
be  the  next  asbestos  "nightmare". 

Projections  for  future  efforts  include: 

•  Forming  a  core  management  office  for 
DoD's  FY91  funding  line  for  environ- 
mental research  and  development; 

•  Continued  efforts  on  ion  implanting; 

•  Performance  evaluations  of  alternatives 
for  ozone  depleting  substances,  and 

•  Environmentally  acceptable  coating 
alternatives  such  as  thermal  spray, 
powder  coating,  and  electro-deposited 
coatings. 

All  of  the  alternatives  will  provide  direct 
solutions  that  can  be  applied  to  Army  sys- 
tem acquisitions. 


MORE  INFORMATION 

For  more  information  on  EAMTP,  contact 
Mr.  Jack  Hurd,  Headquarters,  AMC,  DSN 
284-0815  or  Commercial  (703)  274-0815. 
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The  National  PDES  Testbed  at  NIST 
has  published  four  reports  describing 
progress  being  made  toward  achieving 
effective  sharing  of  product  data.  The 
Testbed  supports  the  development  of 
the  Standard  for  the  Exchange  of  Prod- 
uct Model  Data  (STEP),  which  is 
considered  a  major  building  block  of  the 
DOD  Computer-aided  Acquisition  and 
Logistic  Support  program. 

STEP  is  based  on  the  ability  to  digi- 
tally express  all  useful  mechanical, 
electrical,  and  structural  information 
about  a  given  product  in  a  neutral  com- 
puter language. 


Testbed  tech  n  ical  activities  described 
in  the  reports  include  evaluation  of  draft 
standards  specifications,  analysis  of 
system  requirements,  configuration 
management  of  documents,  devebp- 
ment  of  software  tools,  application 
prototypes,  and  various  coordination  and 
support  roles. 

For  more  information,  contact: 

Charles  McLean 

Manager 

CALS  PDES  Project 

Telephone:  (301)  975-3508 
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Solutions  to  Manufacturing  Problems  Only  A  Modem 
Away  Through  The  BMP  Data  Base 


The  Best  Manufacturing  Practices 
(BMP)  data  base  is  a  logical  extension  of 
the  BMP  program's  goal  of  identifying 
and  making  available  as  much  informa- 
tion as  possible  on  the  best  practices  of 
American  industry  in  the  areas  of  design, 
test,  production,  facilities,  logistics,  man- 
agement, and  transition  planning.  The 
BMP  data  base  is  a  user-friendly,  open 
data  base  that  provides  ready  help  for 
American  industry,  government  agen- 
cies, and  academic  institutions  seeking 
to  solve  manufacturing  problems.  The 
heart  of  the  BMP  data  base  consists  of 
the  reports  from  the  Best  Manufacturing 
Practices  program's  survey  of  compa- 
nies. These  reports  document  best 
practices  and  problems  by  functional 
area  and  elements  of  the  Critical  Path 
Templates  in  DOD  Manual  4245.7-M, 
"Transition  From  Development  to  Pro- 
duction." 

Users  of  the  data  base  are  not  limited 
to  inquiries  structured  by  the  templates. 
Searches  for  information  within  the  data 
base  can  also  be  done  using  text  search. 
You  can  search  for  topics  such  as  "sol- 
der' or  "Welding";  brand  names  of 
equipment,  material,  or  software;  types 
of  equipment,  such  as  printed  circuit 
boards;  descriptive  phrases  such  as 
"computer  aided  design"  or  even  a 
company's  name  and  kx^atwn.  In  addi- 
tion to  information  about  manufacturing 
practices  and  problems  derived  from 
surveys,  the  data  base  provides  listings 
of  key  BMP  personnel  and  contacts  at 
companies  that  have  been  surveyed,  so 
that  users  can  obtain  more  detailed  in- 
formation. 

The  information  below  is  all  that  is 
needed  to  access  the  BMP  data  base. 

•  Hardware  requirements: 

-  Any  computer  system  or  terminal 
with  VT100  emulation 

-  300,  1200  or  2400  baud  asyn- 
chronous modem 


Communications  configuration: 

-  8  data  bits 

-  1  stop  bit 

-  No  parity 

-  VT1 00  emulation 

-  300, 1200  or  2400  baud 

-  Full  duplex 

•  Logon  procedure: 

1 .  Call  telephone  number 
(215)897-6386. 

2.  After  the  telephone  answers 
(connects),  press  the  Enter  key 
several  times  until  the  "***Wang 
VS  Logon"*"  screen  appears. 
This  may  require  pressing  the 
Enter  key  as  many  as  15  to  20 
times  to  synchronize  the  modems. 

3.  A  k>gon  screen  will  appear  dis- 
playing "Your  userkJ-'  and  "Your 
password-".  Enter  "BMP"  after 
your  userid-",  then  press  the  En- 
ter key.  No  password  is  required. 

4.  A  screen  will  appear  displaying 
system  messages,  if  there  are 
any.  Press  the  Enter  key  to  con- 
tinue. A  BMP  logo  screen  will 
appear  for  approximately  1 0  sec- 
onds. 

5.  A  screen  will  then  appear  requir- 
ing Name  and  Company 
information.  Enter  this  informa- 
tion using  the  Tab  key  to  advance 
to  the  next  field;  when  complete 
press  the  Enter  key. 

6.  The  main  BMP  system  screen  will 
appear.  The  Help  selection,  "1 4", 
may  be  entered  for  more  informa- 
tion about  the  system. 


For  technical  information,  or  if  you  en- 
counter problems,  call: 

Duane  Economos 

Naval  Industrial  Resources 

Support  Activity 

Telephone:  (215)897-6634 
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Alignment  Tool  for  Inertia  Welding 

A  drive  bar  is  aligned  faster  and  more  accurately. 


A  compact,  easy-to-use  tool  aligns  the 
drive  bar  of  an  inertia  welder  over  a  hole 
in  a  stub.  The  tool  ensures  that  the  drive  bar 
is  concentric  to  the  hole  within  0.002  in. 
(0  051  mm).  The  tool  was  built  for  use  in  mak- 
ing repair  welds  on  the  liquid-oxygen-injector 
posts  in  the  Space  Shuttle  main  engine.  A 
version  that  has  suitably  modified  dimen- 
sions could  be  used  to  facilitate  alignment 
in  other  forests  of  posts.  Previously  a  welder 
had  to  align  a  sliding  steel  pin  in  the  drive 
bar  with  the  hole  and  ensure  that  the  tip  of 
the  pin  was  seated  in  the  hole.  This  was  a 
difficult  procedure  because  a  post  was  sur- 
rounded by  other  posts  in  the  dark  recesses 
of  a  nearly  completed  injector 

The  new  tool  includes  a  battery-powered 
lamp  that  lights  when  the  drive  bar  is  not 
centered.  When  the  lamp  turns  off,  the 
welder  knows,  even  without  seeing  the  end 
of  the  drive  bar  and  the  hole,  that  the  drive 
bar  is  aligned.  The  welder  can  then  proceed 
with  the  inertia-welding  operation. 

Like  its  predecessor  the  new  tool  slides 
in  the  hollow  core  of  the  drive  bar  A  metal 
probe  at  the  end  of  tool  maintains  electrical 
continuity  when  it  rests  on  the  side  of  the 


ALIQNMENT  TOOL 


The  Simple  Alignment  Tool  holds  two  bat- 
teries and  a  light  bulb.  The  electrical  circuit  is 
completed,  providing  current  to  the  bulb  when 
the  pin  is  in  contact  with  the  post.  When  the 
pin  IS  centered  in  the  post  hole,  it  does  not 
touch  the  post,  and  so  the  lamp  is  turned  off. 


hole  in  the  post,  thus  keeping  the  light  on 
(see  figure).  When  the  tool  and  drive  bar  are 
centered  in  the  post,  the  pin  does  not  touch 
the  post,  and  so  electrical  contact  is  broken. 
The  alignment  tool  does  not  interfere  with 
adjacent  posts. 

This  work  was  done  by  Gary  L  Snyder 
of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center  Refer  to 
MFS-29667/TN. 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


( 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  f^D  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Bar-Code-Scribing  Tool 

A  hand-held  tool  would  mark  indelible  bar  codes. 


A  proposed  hand-held  tool  would  apply 
an  indelible  bar  code  to  small  parts.  The  in- 
delible marks  would  make  it  possible  to  iden- 
tify parts  for  the  management  of  inventory 
without  tags  or  labels,  which  can  easily  be 
lost  or  damaged  beyond  legibility 

The  tool  would  include  a  hard  metal 
scribe  with  a  tungsten  carbide  point  on  a 
small  mechanism  that  would  resemble  a 
dot-matrix-printer  head  (see  figure).  A  micro- 
processor would  send  commands  to  the 
mechanism  to  move  it  in  the  appropriate  bar- 
code pattern.  The  scribe  would  thus  cut  the 
bar  code  into  the  part. 

The  tool  would  be  used  to  mark  serially 
controlled  parts  for  military  and  aerospace 
equipment.  It  could  also  be  adapted  for  dis- 
crete marking  of  such  bulk  items  as  those 
used  in  food  and  pharmaceutical  process- 
ing. Although  large  bar-code  marking  ma- 
chines have  been  available,  the  proposed 
unit  would  be  the  first  hand-held  tool  of  this 
type. 


From  Source  of 
Bar-Code  Data 


Impact  Head 


U 


Replaceable 
Scribe 


A  Microprocessor  Would  Supply  Bar-Code 
Data  to  an  impact-prlnter-IIke  device  The  de- 
vice would  drive  a  replaceable  scribe,  which 
would  cut  the  bar  code  on  the  surface  of  a 
part. 


This  work  was  done  tyy  Michael  A. 
Badinger  and  George  J.  Drouant  of  Martin 
Marietta  Corp.  for  Marshall  Space  Flight 
Center 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center  Refer  to 
MFS-28441/rN. 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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"Bearingless"  Bull  Gear 

Weight  could  be  reduced  substantially. 


A  concept  for  nnounting  a  bull  gear 
would  eliminate  the  need  for  the  heavy  bull- 
gear  shaft  and  its  supporting  bearings  that 
would  otherwise  be  required  to  react  large 
loads.  The  "bearingless"  mounting  con- 
cept is  intended  primarily  for  application  in 
a  helicopter  in  which  a  bull  gear  on  the 
shaft  that  turns  the  rotor  combines  driving 
torques  from  three  or  more  engines.  For  a 
representative  bull  gear  of  48-in.  (1.22-m) 
diameter,  the  new  mounting  scheme  could 
reduce  the  weight  of  the  helicopter  by  as 
much  as  590  lb  (268  kg). 

The  driving  torque  would  be  coupled  to 
the  bull  gear  from  the  three  engines  by 
three  pairs  of  pinion  gears  in  a  torque- 
splitting  driving  scheme,  possibly  like  the 
one  described  in  the  preceding  article  (see 
Figure  1).  The  bull  gear  and  the  pinion 
gears  would  have  herringbone  teeth,  so 


that  the  gears  would  couple  only  torques 
and  lateral  loads,  but  not  axial  loads,  to 
each  other.  Supporting  rings  would  be 
mounted  at  the  midplanes  of  the  bull  and 
pinion  gears;  that  is,  between  the  halves  of 
the  herringbone  tooth  patterns  (see  Figure 
2).  The  outer  surfaces  of  these  rings  would 
be  smooth  and  would  have  diameters  equal 
to  the  pitch  diameters  of  the  gears  to  which 
they  would  be  attached. 

When  the  driving  torque  loads  of  the 
engines  were  equal,  each  pair  of  pinion 
gears  would  exert  the  same  lateral  (that  is, 
radial)  force  on  the  bull  gear,  and  the  bull 
gear  would,  therefore,  remain  centered. 
The  driving  forces  on  the  bull  gear  would 
be  reacted  through  the  teeth  and  into  the 
bearings  of  the  pinion  gears.  Because  of 
deflections  caused  by  normal  gear-tooth 
separating  loads  and  out-of-mesh  mount- 


ing tolerances,  the  support  rings  would  be 
separated  by  slight  gaps  and,  therefore, 
would  not  bear  any  load  under  this  normal 
operating  condition. 

If  one  engine  were  to  fail,  its  pinion  gears 
would  turn  freely  and  cease  to  exert  the 
normal  gear-tooth  separating  load.  This 
would  cause  the  bull  and  the  freewheeling 
pinion  gears  to  deflect  slightly  toward  each 
other,  closing  the  gap  between  the  support- 
ing rings.  The  lateral  load  v^«Duld  then  be  re- 
acted through  the  touching  supporting 
rings  and,  as  before,  into  the  bearings  of 
the  affected  pinion  gears. 

This  work  was  done  by  J.  Kish  and 
G.  Webb  of  United  Teclinologies  for  ttie 
Army  Propulsion  Directorate  at  Lewis 
Research  Center. 
LEW-14911/TN 
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Pinion  Gears  Supplying 
Torque  From  Engine  1 


//VVv^'"~"~~"- 


Pinion  Gears 

Supplying  Torque 

From  Engine  2 


Pinion  Gears  Supplying 
Torque  From  Engine  3 


Figure  1 .  Three  Pairs  of  Pinion  Gears  would  supply  torque  to  the  bull 
gear.  The  pinion  gears  would  also  provide  lateral  support,  eliminating 
the  need  for  the  bull-gear  shaft  and  its  bearing. 


Support  Ring         Right-Handed  Helical  Left-Handed  Helical 

on  Bull  Gear  Gear  Tooth  on  Bull  Gear  Tooth  on  Pinion 

Gear  ,  Gear 


Support  Ring 
on  Pinion  Gear 


RIght-Handed  Helical 

Gear  Tooth  on  Pinion 

Gear 


Figure  2.  Supporting  Rings  with  outer  surfaces  that  meet  at  the  pitch 
circles  would  react  lateral  loads. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Tectinology  Transfer  Division.  P.O.  Box  8757, 
BWI  Airport,  MD  21240:  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Compact  Force-Reflecting  Hand  Controller 

A  novel  design  keeps  joints  mechanically  independent. 


A  force-reflecting  hand  controller  for  a  re- 
mote manipulator  offers  two  times  the  work 
volume  of  any  of  its  predecessors.  It  can 
be  folded  into  a  volume  h^lf  that  of  its  im- 
mediate predecessor  for  storage.  It  is  the 
first  six-degreeof-freedom,  cabledriven  con- 
troller designed  with  six  revolute  joints;  it  con- 
tains no  prismatic  joints.  Like  its  predecessor, 
the  unit  offers  the  advantages  of  low  fric- 
tion, low  inertia,  and  no  backlash.  Intended 
for  use  in  telerobotic  experiments  during 
space  flight,  the  controller  could  be  modified 
for  such  terrestrial  applications  as  construc- 
tion and  the  handling  of  dangerous  (e.g.,  hot, 
poisonous,  radioactive,  or  infectious)  materi- 
als. 

The  operator  views  a  video  display  of  the 
remote  manipulator  and  its  environment. 
The  operator  moves  the  handgrip  on  the 
controller,  actuating  a  system  of  cables  and 
pulleys  connected  to  brushless  dc  motors 
equipped  with  shaft-angle  encoders.  The  en- 
coders send  information  on  the  angular  posi- 
tions of  the  joints  in  the  hand  controller  to 
a  control  computer,  which  generates  com- 
mands for  the  corresponding  joints  of  the 
remote  manipulator  The  manipulator  re- 
sponds by  following  the  commanded  trajec- 
tory. Information  on  forces,  torques,  and  the 
positions  of  joints  in  the  remote  manipulator 
are  processed  through  the  control  computer 
and  fed  back  through  the  cables  and  motors 
of  the  hand  controller  to  the  operator's  hand. 

The  unit  includes  three  links  and  six  joints. 
A  novel  routing  scheme  allows  actuator 
cables  to  pass  through  intermediate  joints 
along  the  kinematic  chain  without  affecting 
or  being  affected  by  the  operations  of  those 
joints.  The  cables  run  inside  the  links,  which 
are  beams  of  hollow  square  cross  section 
and  thus  are  strong  and  rigid. 

Joint  3  (see  figure)  is  critical  and  can  be 
used  to  illustrate  the  principle  of  operation. 
Pairs  of  stacked  pulleys  on  opposing  sides 
of  this  joint  direct  cables  to  joints  4,  5,  and 
6  along  the  axis  of  rotation  of  this  joint.  These 
pulleys  do  not  make  contact  with  joint  3  and 
remain  mechanically  decoupled  from  it. 
When  joint  3  rotates,  it  is  not  necessary  to 
counterrotate  the  motors  for  joints  4, 5,  and 
6  to  keep  the  same  relative  positions.  Be- 
cause link  2  is  offset  from  link  3  at  joint  3, 
the  arm  can  be  folded  compactly  for  storage 


Joint  6 
Pulley 


Handgrip 


Joint  5 


Joint  4 
Motor 


Joint  2 
Sector  Pulley 


Six  Cables  (Three  Sets  of 

Two  Cables  Each)  to 

Joints  4,  5,  and  6 


Two  Stacl<s 
of  Three 
Pulleys  Each 


Link  2 


Joint  3  Pulley 


Cables  to 

Joint  3  Two-stage 

Drive  Reduction 

at  Joint  3 

Two  stacks 

of  Three 

Pulleys  Each 


Links 


The  Hand  Controller  offers  six  degrees  of  freedom,  although  additional  degrees  of  freedom 
can  be  accommodated  by  stringing  more  cables  through  joint  3.  Because  the  cables  to  joints 
beyond  joint  3  pass  in  pairs  symmetrically  disposed  about  the  axis  of  joint  3  without  making 
contact  with  joint  3,  all  joints  beyond  joint  3  are  mechanically  independent  of  joint  3. 


There  is  no  net  kinematic  offset  of  the  con- 
troller, however,  and  control  computations 
are  therefore  simpler  and  faster 

This  work  was  done  by  Edward  R. 
Snow,  Douglas  A.  McAffee.  and  William 


T.  Townsend  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries    concerning    nonexclusive    or 
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exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL.  Refer  to  NPO-17851/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Ctiapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 


Patent  Counsel 
Paul  F.  l^cCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Technology  Utilization 
Mgr.  for  JPL  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Ion  Processes  Modify 
Tribological  Properties 
of  Surfaces 

Treatments  reduce 
friction  and  increase 
resistance  to  wear. 

A  NASA  technical  memorandum  re- 
views the  state  of  the  art  of  the  use  of  ion- 
assisted  treatments  to  coat  and  otherwise 
modify  surfaces  of  materials  to  reduce  fric- 
tion and  increase  resistance  to  wear  The 
focus  is  upon  the  treatment  of  materials 
destined  for  use  in  sliding,  rolling,  rotating, 
and/or  oscillating  contact  under  such 
severe  environmental  conditions  as  vari- 
able temperature,  ionizing  radiation,  vacu- 
um, and  oxidizing  or  corrosive  atmos- 
pheres at  high  temperatures.  Because 
conventional  oils  and  greases  decompose 
and/or  evaporate  under  such  conditions, 
the  materials  in  contact  must  be  provided 
with  adherent,  solid  lubricating  coats  that 
have  optimized  chemical  and  structural 
properties  at  the  surfaces,  independent  of 
the  properties  of  the  bulk  materials. 

The  ion-assisted  treatments  discussed 
in  the  report  include  the  following: 

•  Ion-assisted  deposition  (sputtering,  ion 
plating,  and  plasma-enhanced  deposition); 

•  Ion-beam  techniques  (ion-beam  implanta- 
tion, ion-beam  mixing,  and  ion-beam-en- 
hanced deposition);  and 

•  Rasma  thermochemical  processes  (ion 


nitriding,  ion  carburizing,  ion  bonding,  and 

ion  oxidation). 
The  ion-assisted  deposition  techniques  are 
primarily  coating  processes,  while  the  ion- 
beam  techniques  and  thermochemical 
processes  usually  form  no  discrete  coats 
but  do  modify  the  surfaces  of  the  bulk  ma- 
terials. 

The  report  discusses  the  general  prin- 
ciples of  solid-film  lubrication.  This  is  fol- 
lowed by  discussion  of  solid  lubricants  for 
spacecraft  mechanisms,  including  layer 
lattice  compounds,  soft  metals,  and  dou- 
ble-layered coats  consisting  of  films  of 
MoSj  and/or  WSj  sputtered  onto  hard  un- 
derlayers  of  BN,  CrgSig,  TiBg,  TIN,  and/or 
B4C  on  stainless-steel  substrates.  The  next 
topic  is  lubricants  for  space  power  and 
aeropropulsion  systems,  including  ductile 
inorganic  compounds,  self-lubricating 
composite  coats,  and  lubricious  ceramics 
modified  by  metal  ions.  Among  the  most 
notable  self-lubricating  composite  coats  is 
one  called  "PS200,"  which  consists  of  a 
metal-bonded  chromium  carbide  matrix  in 
which  Mg  and  CaFg/BaFj  eutectic  are  dis- 
persed. 


These  lubricating  films  are  described  in 
terms  of  the  interrelationships  between 
structures,  properties,  and  performances 
as  measured  by  reductions  in  friction  and 
resistances  to  wear  The  characteristics  of 
principal  interest  in  this  regard  include  ad- 
hesion, cohesion,  nucleation,  growth  of  mi- 
crostructure,  density,  and  thickness.  Also 
discussed  are  the  most  recent  advances  in 
the  use  of  the  ion-beam  surface-modifying 
techniques,  with  emphasis  on  the  develop- 
ment of  lubricious  ceramic  surfaces  for 
use  at  high  temperatures. 

This  work  was  done  by  Talivaldis 
Spalvins  of  Lewis  Research  Center.  Fur- 
ther information  may  t>e  found  in  NASA 
Tt^-101304  [N88-28176],  ''Status  and  Di- 
rections of  (Modified  Tribologicai  Surfaces 
by  Ion  Processes." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  33&4700. 
LEW-14865/TN 
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Laser  Welding  of  Contoured  Thin-Wall  Housings 

Superalloy  parts  are  joined  with  less  distortion. 


A  carbon  dioxide  laser  beam  directed  by 
optics  in  a  numerically  controlled  robot 
arm  welds  shell-type  turbopump  housings 
that  have  complicated  shapes.  The  5-kW  la- 
ser, following  a  single  programmed  three- 
dimensional  pass,  produces  a  high-quality, 
full-penetration  weld  pass  in  an  age-hard- 
enable  nickel  superalloy 

Laser  welding  succeeds  in  this  task 
where  other  welding  techniques  fail.  Elec- 
tron-beam welding,  for  example,  cannot  be 
used  because  it  requires  a  backup  bar  in- 
side the  housing,  and  the  bar  cannot  be  re- 
trieved when  the  weld  is  complete.  Gas/ 
tungsten-arc  welding  and  plasma  welding 
cannot  be  used  because  the  large  amount 
of  heat  they  introduce  distorts  the  housing 
to  an  unacceptable  degree. 

The  two  components  of  a  shell  are  first 
tacked  together  by  a  few  tungsten/inert- 
gas  spot  welds.  The  laser  then  butt-welds 
the  V4-in.  (6.4-mm)-thick  components  (see 
figure). 

An  operator  can  easily  program  the  ro- 
bot by  using  a  teaching  pendant  to  track 
the  weld  joint  and  keep  the  laser  focused 
on  the  workplace  while  following  the  con- 
tour of  the  shell.  Shells  can  be  welded  in 
rapid  succession,  with  minimal  change  in 
the  setup  for  each. 

This  work  was  done  by  Lyie  B.  Spiegel 


Weld 
Joint 


The  Laser  Weld  Follows  the  Complex  Contour  on  a  turbopump  shell. 


and  Carl  E.  Oleksiak  of  Rockwell  Inter- 
national Corp.  for  Marshall  Space  Flight 
Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center  Refer  to 
MFS-29653/TN. 
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Magnetic  Deflection  of  Welding  Electron  Beam 

The  beam  is  redirected  so  tlnat  it  stril<es  tine  workpiece  at  an  effective  angle. 


Electron-beam  welds  inside  snnall  metal 
parts  can  be  produced  with  the  aid  of  a 
magnetic  deflector.  Until  now,  internal 
welding  by  electron  beams  has  been  limit- 
ed to  parts  that  have  inside  diameters  large 
enough  to  accommodate  an  electron  gun 
and/or  that  can  be  positioned  and  oriented 
so  that  the  weld  joint  is  accessible  to  the 
electron  gun. 

In  the  example  shown  in  the  figure,  a 
magnetic  coil  diverts  an  electron  beam  in  a 
vacuum  chamber  so  that  it  strikes  an  inter- 
nal circumferential  joint  nearly  perpendic- 
ularly. As  the  parts  are  rotated,  the  beam 


scans  the  joint  and  welds  it. 

The  weld  joint  can  be  positioned  to 
where  heavy  microfissure  concentration 
can  be  removed  when  subsequent  ma- 
chining is  required,  thus  increasing  the  like- 
lihood of  removing  any  weld  defects  lo- 
cated in  the  face  side  of  the  electron-beam 
weld. 

This  work  was  done  by  R.  Michael 
Maiinzal<  and  Gary  N.  Booth  of  Rocl<well 
International  Corp.  for  Marshall  Space 
Flight  Center. 
MFS-29659/TN 


The  Vacuum  Chamber  for  Electron-Beam 
Welding  houses  a  magnetic  deflection  coil 
and  a  rotating  workpiece.  The  coil  bends  the 
electron  beam  so  that  it  impinges  on  the  weld 
joint  at  nearly  a  right  angle. 
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Multipiece  Mandrel  for  Spray-Forming  Complex  Parts 

The  segmented  mandrel  is  removable  and  reusable. 


With  the  help  of  a  multipiece  mandrel, 
parts  of  complicated  shapes  can  be  fabri- 
cated by  spray  forming.  The  spray-forming 
process  is  faster  and  less  costly  than  ma- 
chining is.  After  the  part  has  been  fabricated, 
the  mandrel  can  be  easily  removed  and  re- 
used. 

The  part  for  which  the  multipiece  man- 
drel was  developed  is  a  combustion-cham- 
ber liner  that  has  an  hourglass  shape.  The 
mandrel,  which  defines  the  inner  surface 
of  the  liner,  consists  of  two  end  cones  and 
a  middle  washer  (see  figure).  The  washer 
material  is  soluble  in  an  acid  etchant;  the 
end-cone  material  is  resistant  to  the  acid. 

The  mandrel  is  assembled  on  a  central 
supporting  rod  and  is  coated  with  a  thin  layer 
of  filler  material  —  the  same  etchable  ma- 
terial as  that  of  the  washer.  The  liner  is  then 
formed  by  spraying  the  liner  material  (in  this 
case,  copper-base  alloy  NARIoy-Z)  onto  the 
mandrel. 

The  supporting  rod  is  removed,  and  the 
liner-and-mandrel  unit  is  immersed  in  the 
acid  etchant.  After  several  hours,  the  filler 
layer  and  the  washer  are  dissolved.  When 
this  happens,  the  end  cones  of  the  man- 
drel simply  fall  out,  leaving  the  finished  liner. 

The  end  cones  are  cleaned  in  acetone 
and  are  ready  for  reuse.  Only  the  inexpen- 
sive washer  and  filler  layer  have  to  be  re- 
placed. The  shape,  size,  and  number  of 
segments  in  the  mandrel  can  readily  be 


Sprayed 
Liner 


^! 


PARTS  OF  MANDREL 


ASSEMBLED  MANDREL,  COATED 
AND  SPRAYED 


The  Mandrel  consists  of  etch-resistant  end  cones  and  an  etchable  washer  between  them.  An 
etchable  layer  applied  over  the  mandrel  and  under  the  spray-formed  part  helps  to  ensure  easy 
removal  of  the  mandrel. 


adapted  to  the  spray  forming  of  other  com- 
plicated parts.  In  any  case,  the  process  elimi- 
nates the  need  for  difficult  internal  and  ex- 
ternal machining. 

This  work  was  done  by  Timothy  N. 
McKechnie,  George  P.  Beason,  Jr,  and 
Richard  R.  Holmes  of  Rocl<well  Inter- 
national Corp.  for  Marshall  Space  Flight 
Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center  Refer  to 
MFS-29680/TN. 
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Leon  D.  Wofford,  Jr. 
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NIST  Technology  Update     ""z^^iz 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Automan  2.0  Makes  Automation  Decisions  Easier 
With  Sensitivity  Graphics 


NIST  has  just  released  Automan  2.0, 
a  microcomputer  software  package  that 
enables  decision  makers  to  optimize  their 
investments  in  automated  manufactur- 
ing technology.  It  supports  complex 
decision  making  by  enabling  users  to 
easily  compare  alternative  actions  or 
methods  that  may  be  based  on  multiple, 
conflicting  economic  objectives.  NISTs 
Applied  Economics  Group  developed  the 
software  in  collaboration  with  the  Auto- 
mated Manufacturing  Research  Facility, 
the  U.S.  Navy,  and  Computer-aided 
K/lanufacturing-lnternational  (CAM-I)  (a 
consortium  of  manufacturing  firms). 

Automan  2.0  incorporates  financial 
impacts  such  as  net  presentation,  life 
cycle  cost,  and  return  on  investment.  It 
weights  non-financial  quantitative  im- 
pacts such  as  throughput,  lead  time,  and 
setuptimes.  Qualitative  impacts  such  as 
flexibility,  product  quality,  and  risk  are 
also  considered. 

Automan  2.0  incorporates  all  impacts 


into  a  unified  analytic  framework  using 
five  steps: 

1.  Defines  the  impact  criteria  and 
investment  alternatives  to  be  evaluated. 

2.  Establishes  weights  for  the  criteria 
through  pairwise  comparisons.  For  ex- 
ample, if  throughput  is  being  compared 
with  lead  time,  the  user  enters  a  1  if  they 
are  equally  important  or  a  2  if  throughput 
is  twice  as  important  as  lead  time. 
Automan  then  uses  these  comparisons 
to  derive  a  set  of  weights  establishing  the 
relative  importance  of  the  criteria. 

3.  Rates  each  investment  aKernative 
with  respect  to  each  criterion.  For  quali- 
tative criteria,  this  rating  may  be 
accomplished  through  the  same  pairwise 
comparison  process  used  in  the  second 
step.  For  quantitative  criteria,  actual 
measured,  or  estimated  performance 
data  such  as  costs,  setup  time,  or 
throughput  may  be  used  for  rating. 

4.  Computes  a  weighted  average  rat- 
ing for  each  investment  alternative  by 
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combining  its  ratings  with  the  criteria 
weights,  and  ranks  the  alternatives  by 
their  combined  ratings. 

5.  Conducts  graphical  sensitivity 
analysis  to  determine  the  effect  of  vary- 
ing the  importance  assigned  to  any 
criterion. 

The  program's  new  sensitivity  analy- 
sis feature  enables  users  to  see  at  a 
glance  how  all  investment  alternatives 
would  be  rated  if  any  criterion  were  made 
unimportant,  all-important,  or  anywhere 
in  between.  Users  can  easily  find  what 
share  of  importance  would  make  a  par- 
ticular alternative  become  the  winner. 
For  example,  in  the  figure,  any  impor- 
tance share  greater  than  35%  would 


make  the  existing  system  alternative 
preferred. 

Automan  2.0  comes  with  several 
"starter"  decision  models  with  criteria 
already  specified.  Users  can  apply  these 
models  or  develop  entirely  new  ones 
with  up  to  49  impact  criteria.  A  glossary 
helps  users  select  appropriate  quantita- 
tive and  qualitative  criteria.  Models  can 
be  developed,  revised,  selected,  and 
applied  with  ease.  Automan  2.0  is  being 
distributed  by  the  National  Technical  In- 
formation Service. 

For  further  information,  contact: 
Dr.  Stephen  F.  Weber 
Building  101.  Room  A415 
Telephone:  (301)  975-6137 


( 


( 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Marshall  Space  Flight  Center,  Alabama 


Licensing 
Opportunity 


Stereoscopic  Video  Weld-Seam  Traci^er 

An  electronic  system  locates  nearly  invisible  butt  joints. 


A  stereoscopic  video  camera  and  laser 
illuminator  operates  in  conjunction  with  an 
image-data-processing  computer  to  locate 
a  weld  seam  and  to  map  surface  features 
in  the  vicinity  of  the  seam.  This  equipment, 
which  has  been  developed  to  the  prototype 
stage,  is  intended  to  track  seams  to  guide 
the  placement  of  the  welding  torch  in  an 
automatic  welding  system  and  to  yield  in- 
formation on  the  qualities  of  welds.  It  is 
more  sensitive  than  prior  optical  seam 
trackers  and,  unlike  eddy-current  seam 
trackers,  is  suitable  for  use  in  a  produc- 
tion environment.  It  can  even  track  the 
nearly  invisible  gap  between  the  butted 
machined  edges  of  two  plates. 

The  video  camera  includes  a  charge- 
coupled-device  (COD)  imaging  sensor  in 
the  focal  plane  of  the  stereoscopic  view- 
ing optics.  The  view  from  the  left  side  is 
imaged  on  the  right  side  of  the  CCD,  while 
the  view  from  the  right  side  is  imaged  on 
the  left  side  of  the  CCD  (see  figure).  The 
output  of  the  CCD  is  digitized  and  fed  to 
the  computer,  which  identifies  identical  fea- 
tures in  the  right  and  left  images  and  com- 
putes the  locations  of  these  features  in  the 
workspace  according  to  the  geometric 
transformations  that  describe  the  relation- 
ships between  the  two  views.  The  parame- 
ters of  the  transformations  are  obtained  by 
calibration  and  occasional  recalibration, 
which  the  equipment  performs  automati- 
cally while  the  camera  views  targets  of 
known  position  and  structure. 

The  equipment  operates  in  two  modes. 
In  one  mode,  the  region  of  the  weld  joint 
is  illuminated  with  a  broad  beam  of  laser 
light,  and  the  image  data  are  initially  sub- 
jected to  gray-scale  processing  to  identify 
and  locate  the  seam.  In  the  other  mode, 
the  scene  is  illuminated  with  fanshaped 
beams  to  illuminate  lines  on  the  surface, 
and  the  resulting  images  are  processed 
to  extract  information  on  such  surface  fea- 
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tures  as  V-grooves,  J-grooves,  and  multi- 
pass welds. 

The  camera  can  scan  a  field  of  view 
from  0.5  in.  to  2.0  in.  (13  to  51  mm)  wide 
and  0.5  in.  to  2.0  in.  deep  with  a  resolu- 
tion of  2.0  to  8.0  mils  (0.05  to  0.21  mm). 
It  acquires  30  frames  per  second,  though 
the  sampling  rate  may  be  lower  inasmuch 
as  it  depends  on  the  computer  For  max- 
imum flexibility,  the  lasers  can  be  con- 
trolled manually  or  by  computer  For  safe- 
ty there  is  a  "laser  on"  indicator  and  the 
lasers  are  turned  off  automatically  by  the 
computer  when  the  camera  is  not  in  use. 
The  camera-and-laser  assembly  measures 
only  3  by  3  by  2.75  in.  (76.2  by  76.2  by 
69.9  mm)  and  weighs  only  about  1.5  lb  (0.7 
kg).  Other  than  the  occasional  recalibra- 
tion and  cleaning  of  protective  glass  win- 
dows on  the  laser  and  camera,  the  equip- 
ment requires  little  maintenance. 


This  work  was  done  ty  Larry  Z.  Kennedy 
of  Applied  Research.  Inc.,  for  Marshall 
Space  Flight  Center 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel. 
I^arshall  Space  Flight  Center  Refer  to 
MFS-26116/TN. 
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Materials 


0594  Increasing  Cotton's  Nonwoven  Market 

0595  Ignition  Characteristics  Studied 

0596  New  Molten  Salts  Database  Available  for  PC  Users 

0597  Standard  Available  for  Metal  Producers 

0598  Effects  of  Moisture  on  Zinc  Orthotitanate  Paint — Electrical  conductivity 
varies  with  humidity. 

0599  Electrochemical  Deposition  of  Conductive  Copolymers — Adherent  films 
have  desirable  electrical  and  mechanical  properties. 

0600  Fabrication  of  Ceramic  Mats — A  slurry  of  ceramic  powder,  binder,  and 
solvent  would  be  extruded  through  a  spinneret. 

0601  Formation  of  Ohmic  Gold  Contacts  on  Epitaxial  GaAs — Keeping  the 
wafer  in  vacuum  until  metallization  prevents  the  formation  of  rectifying 
contacts. 

0602  Forming  YBa2Cu307-x  Superconductors  on  Copper  Substrates — 
Mechanical  processing-always  difficult  and  usually  impossible  with 
superconductors-is  not  necessary. 

0603  Impact  Damage  in  Carbon/Epoxy  and  Carbon/PEEK  Composites — 
PEEK  specimens  showed  less  delamination  than  did  epoxy  specimens 
at  a  given  impact  energy. 

0604  Mechanically  Oriented,  Low-Curie-Temperature  Materials— Stronger 
permanent  magnets  would  be  made  by  metallurgical  techniques. 

0605  Passivation  of  High-Temperature  Superconductors — Simple  wet 
chemical  processes  create  protective  surface  layers. 

0606  SiOx  Protective  Coat  for  Polyimide  Sheet — The  surface  film  would 
protect  the  substrate  from  bombardment  by  atomic  oxygen. 

Other  Items  of  Interest 

0551     Making  Measurements  on  High-Tc  Superconductors 

0588     Lon  Processes  Modify  Tribological  Properties  of  Surfaces — Treatments 
reduce  friction  and  increase  resistance  to  wear. 
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Exposed  to  various  soil  fungi,  cotton 
samples  show  varying  biodegradability 
when  blended  with  synthetic 
(polypropylene)  fibers.  Left  to  right: 
25%  cotton  and  75%  synthetic,  50%/ 
50%,  70%  cotton  and  30%  synthetic,  80/ 
20  and  100%  cotton.  White  strip  is 
100%  synthetic  fiber.  (K-3842-3) 


increasing  Cotton's  Nonwoven  iVIarket 

Chances  are,  the  "cotton"  ball  used  to 
remove  the  day's  makeup  is  an  imposter. 

The  cosmetic  puff  is  just  one  of  many 
nonwoven  products  where  synthetic 
fibers,  such  as  polyester,  polypropylene, 
and  rayon,  have  replaced  cotton  fiber. 
But  ARS  scientists  are  studying  ways  to 
make  products  with  100  percent  cotton  to 
improve  on  cotton's  4  percent  share  of 
the  nonwoven  market. 

Nonwoven  cotton  fabrics  are  made 
directly  from  a  mesh  of  fibers  that  are 
bound  together  by  machines  with  needles 
or  adhesives. 

Cotton  fibers  must  be  cleaned  of 
debris  and  bleached.  This  process 
removes  natural  waxes,  so  a  lubricant 
finish  must  be  applied  to  aid  in  process- 
ing. Better  lubricants  are  needed  for 
improved  processing. 

Synthetic  nonwoven  fibers  can  be 
processed  faster  than  cotton,  but  industry 
is  turning  to  cotton  for  other  reasons. 

"These  days,  the  consumer  wants  a 
product  that  doesn't  create  environmental 
concerns,"  says  Jerry  P.  Moreau,  a 
research  chemist  at  ARS'  Textile 
Finishing  Research  unit  in  New  Orleans. 
"Waste  disposal,  which  is  a  major  worry 
for  users  of  synthentic  nonwovens, 
would  not  be  a  problem  with  cotton.  It's 
biodegradable,"  he  points  out. 

Moreau  has  tested  cotton  biodegrad- 
ability by  placing  fabric  samples  in 
sterilized  trays  and  exposing  them  to  soil 
fungi.  Five  types  of  fungi  are  used,  and 
the  fabric  is  exposed  to  controlled 
temperature  and  humidity.  His  results 
show  that  100  percent  cotton  completely 
degrades  after  14  days. 

Biodegradability  is  not  Moreau's  only 
interest  in  cotton  nonwovens.  He  thinks 
cotton's  favorable  properties  of  comfort, 
feel,  softness,  and  absorbency  lend  cotton 
nonwovens  to  use  as  medical  disposables 
such  as  hospital  and  surgical  products. 

Cotton  nonwovens  could  also  be  used 
to  make  apparel,  head  rests,  bibs,  bed 
sheets,  pillow  slip  covers,  towels,  wipes 
and  even  liners  for  computer  floppy 
disks,  he  says. 

Moreau  is  concentrating  on  disposable 
diapers,  looking  for  ways  to  replace  the 
synthetic  coverstock  (inside  lining)  of 


diapers  with  100  percent  cotton.  Such  an 
improvement  in  degradability  would  be  a 
boon  for  the  nation's  landfills.  More  than 
18  billion  disposable  diapers  end  up  in 
landfills  each  year,  according  to  a  Kansas 
City  firm  that  studies  waste  disposal. 

The  main  technique  Moreau  is  using 
to  make  cotton  nonwoven  fabric  is  heat 
bonding.  This  process  requires  at  least 
10  percent  synthetic  fiber,  which  melts  to 
bind  cotton  fibers. 

However,  other  techniques — such  as 
needlepunching  and  hydroentangle- 
ment — offer  opportunities  to  make  100 
percent  cotton  nonwovens.  Needle- 
punching,  one  of  the  oldest  mechanical 
ways  of  making  nonwovens.  binds  tlber 
when  notched  needles  mo\  e  up  and 
down,  penetrating  and  entangling  fibers. 

Moreau  says  hydroentanglement  "is 
the  technique  of  the  future."  This 
involves  high-pressure  water  jets  to 
entangle  fibers,  resulting  in  fabric  that 
closely  resembles  traditional  uo\ en 
cotton  fabric. 

Jerry  P.  Moreau  is  at  the  US  DA- ARS 
Textile  Finishin<^  Research  Unit.  South- 
ern Reiiional  Research  Center.  1 100 
Robert  E.  Lee  Blvd..  Neu-  Orleans.  LA 
70124  {504)  286-43SL    ♦ 


594 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Ignition  Characteristics  Studied 


At  the  request  of  the  National  Aeronautics  and  Space  Administration,  NIST  is  studying  the 
ignition  and  combustion  characteristics  of  selected  alloys  in  pressurized  oxygen.   A  number  of 
serious  accidents  and  fires  have  involved  the  ignition  and  combustion  of  metals  in  oxygen 
systems.   As  the  operating  pressure  in  these  systems  increases,  the  potential  for  disaster  also 
increases  due,  in  part,  to  the  increased  reaction  rate  of  materials  with  oxygen.   To  reduce  this 
potential,  the  ignition  and  combustion  characteristics  of  metals  must  be  known.    In  the  past, 
NIST  researchers  have  studied  the  characteristics  of  the  iron-based  alloy  UNS  S66289  and  the 
nickel-based  alloy  UNS  N07718.    Most  recently,  NIST  reported  on  the  characteristics  of  the 
nickel-based  alloy  UNS  N07001  in  Ignition  Ciiaracteristics  of  the  Nickel-Based  Alloy  UNS 
N07001  in  Pressurized  Oxygen  (N I  STIR    3947). 

FOR  ADDITIONAL  INFORMATION:  Available  from  the  National  Technical  Information  Service, 
Springfield,    VA   22161;    (703)487-4600.    Order  by  PB91-144428  for  $17  prepaid. 
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New  Molten  Salts  Database  Available  for  PC  Users 


A  new  computerized  database  with  the  thermodynamic  and  transport  properties  of  molten  salts 
has  been  developed  by  the  National  Institute  of  Standards  and  Technology  (NIST).  The  institute 
is  an  agency  of  the  Commerce  Department's  Technology  Administration. 

Designed  for  personal  computers  (PCs),  the  new  database  provides  materials  scientists  and 
chemical  engineers  with  rapid  access  to  approximately  750  compilations  on  the  properties  of 
320  inorganic  salts  in  the  molten  state,  including  density,  surface  tension,  electrical 
conductance,  and  viscosity.    This  information  will  be  particularly  helpful  for  researchers 
engaged  in  the  development  of  new  high-temperature  advanced  materials  for  aerospace  products 
and  for  scientists  performing  high-temperature  and  high-pressure  physical  property 
measurements. 

The  database  is  designed  so  that  information  can  be  obtained  by  chemical  formula  or  the  user  can 
browse  through  the  collection  of  carefully  evaluated  data  to  find  the  system  of  choice.   All 
property  value  calculations  display  the  current  salt  system,  temperature  measurement  limits 
(Kelvins),  correlation  equation,  accuracy  estimates,  reliability  statements,  and  the  results  in  a 
single  temperature  or  range  of  temperatures  in  SI  units. 

The  new  computerized  resource  was  developed  under  the  direction  of  George  J.  Janz,  director  of 
the  Molten  Salts  Data  Center,  Rensselaer  Polytechnic  Institute,  Troy,  N.Y. 

The  Molten  Salts  Data  Center  is  one  of  22  data  centers  that  make  up  the  National  Standard 
Reference  Data  System  (NSRDS),  established  in  1963.   Since  1968,  the  NIST  Standard 
Reference  Data  Program  has  been  responsible,  under  an  act  of  Congress,  for  coordinating  on  a 
national  basis  the  evaluation  of  numerical  data  in  the  physical  sciences.   The  evaluation  of 
chemical  and  physical  properties  and  substances  is  carried  out  in  the  NSRDS  network  of  data 
centers. 

FOR  ADDITIONAL  INFORMATION:  The  new  NIST  molten  salts  database  is  available  for  $190.   It  is 
designed  for  use  on  any  AT-  or  XT-Class  PC  with  a  color  monitor.   The  information  occupies  250 
kilobytes  that  can  be  stored  on  a  hard  disk.  To  order  NIST  Standard  Reference  Data  Program, 
write  to  A320  Physics  BIdg.,  National  Institute  of  Standards  and  Technology,  Gaithersburg,  MD 
20899,  or  telephone:     (301)975-2208,   FAX:   (301)926-0416. 
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Standard  Available  for  Metal  Producers 


Standard  Reference  Material  (SRM)  347,  Magnesium  Ferrosilicon,  is  a  new  standard  in  a 
group  of  ferroalloy  SRMs  developed  by  NIST  for  quality  assurance  in  the  steel  industry.   Thie 
ferroalloy  is  primarily  used  in  the  production  of  ductile  iron.    The  new  standard  is  for 
evaluating  chemical  and  instrumental  methods  of  analyses  and  for  calibrating  instruments. 

FOR  ADDITIONAL  INFORMATION:   SRM  347,  in  the  form  of  a  powder  (0.1  to  0.2  mm)  with 
certified  values  for  15  elements,  including  rare  earths,  is  available  for  $112  per  100-gram 
unit  from  the  Standard  Reference  Materials  Program,  Rm.  204,  BIdg.  202,  NIST,  Gaithersburg, 
MD    20899;    (301)975-6776,    FAX:    (301)948-3730. 


( 
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Effects  of  Moisture  on  Zinc 
Orthotitanate  Paint 

Electrical  conductivity 
varies  with  humidity. 

A  report  presents  results  of  tests  of  the 
electrical  conductivity  and  resistance  to 
corrosion  of  zinc  orthotitanate  (ZOT)  paint. 
TTie  tests  measured  the  effects  of  tennper- 
ature,  humidity,  and  vacuum  on  the  ceram- 
ic paint.  ZOT  paint  is  used  as  a  tempera- 
ture-control coating  designed  to  have  a  low 
and  stable  ratio  of  absorptance  to  emit- 
tance  for  heat  radiation.  It  also  helps  to  pre- 
vent the  buildup  of  static  electric  charge 
and  thus  helps  to  protect  electronic  circui- 
try from  potentially  damaging  static  dis- 
charges. 

The  tests  included  measurements  of  the 
bulk  electrical  resistivity  of  ZOT  paint  on 
aluminum.  To  reduce  or  eliminate  the  build- 
up of  charge,  the  resistivity  should  be  low. 


The  resistivity  was  measured  at  tempera- 
tures from  22  to  90  °C,  relative  humidities 
of  0  to  100  percent,  and  in  soft  and  hard 
vacuums,  10  "^  and  10"'  torr  (~1  and 
~  1  X 10  ~^  Pa),  respectively  Temperature 
had  little  effect  on  resistivity  but  humidity 
had  a  considerable  effect.  The  resistivity 
fell  from  10''°Q-cm  at  0  percent  relative  hu- 
midity to  10^S2-cm  at  100  percent  relative 
humidity.  The  resistivity  rose  to  10 ''^  Q-cm 
in  the  hard  vacuum  —  higher  than  allowed 
by  the  design  criterion  for  the  prevention  of 
electrostatic  discharge  on  the  Galileo 
spacecraft. 

The  tests  also  included  measurements 
of  resistance  to  corrosion.  Specimens  of 
ZOT  paint  on  aluminum  and  other  speci- 


mens on  magnesium  were  exposed  to 
moist  environments:  30  °C  and  85  °C  with 
85  percent  relative  humidity  for  2,000  h. 
The  samples  were  removed  periodically  so 
that  electrical  resistances  could  be  meas- 
ured and  scratch-peel  tests  could  be  per- 
formed. Some  corrosion  and  increase  of 
resistance  occurred  in  the  magnesium 
specimens,  indicating  that  the  magnesium 
painted  with  ZOT  should  be  protected  from 
humid  environments. 

This  work  was  done  by  Gordon  R.  Mon, 
Charles  C.  Gonzalez,  Ronald  G.  Ross,  Jr, 
Liang  C.  Wen,  and  Timothy  O'Donnell  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-17742/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  t^D  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Electrochemical  Deposition  of  Conductive  Copolymers 

Adherent  films  have  desirable  electrical  and  mechanical  properties. 


Experiments  have  shown  that  electrically 
conductive  films  can  be  deposited  on  glassy 
carbon  or  indium  tin  oxide  substrates  by  the 
electrochemical  polymerization  of  N-[(3-tri- 
methoxy  silyl)  propyl]  pyrrole  (nnonomer  I;  see 
Figure  1)  or  copolymerization  with  pyrrole. 
Pure  polymer  I  has  relatively  low  electrical 
conductivity  but  adheres  well,  forming  cova- 
lent  chemical  bonds  with  the  substrates.  On 
the  other  hand,  pure  polypyrrole  is  a  better 
conductor  but  does  not  adhere  as  well. 
Though  the  method  of  deposition  has  yet 
to  be  optimized  and  the  characteristics  of 
the  deposited  films  have  not  yet  been  deter- 
mined completely  the  experimenters  expect 
that  the  copolymers  of  monomer  I  and  pyr- 
role will  exhibit  the  desired  electrical  con- 
ductivity as  well  as  the  desired  adhesion  and 


other  mechanical  properties.  When  fully  de- 
veloped, the  new  copolymerization  process 
should  be  useful  in  making  surface  films  of 
selectable  conductivity;  for  example,  to  drain 
off  electrostatic  charges  or  protect  against 
electromagnetic  interference. 

The  electrochemical  deposition  of  poly- 
pyrrole had  been  studied  previously  and  it 
was  known  that  monomer  I  could  be  used 
to  improve  the  adhesion  of  polypyrrole.  How- 
ever, little  was  known  about  the  copolymers 
of  pyrrole  and  monomer  I.  In  these  experi- 
ments, the  solution  for  the  deposition  of  a 
polymer  or  copolymer  consisted  of  the  ap- 
propriate amount(s)  of  monomer  I  and/or  pyr- 
role mixed  with  an  electrolyte  of  anhydrous 
tetra  n-butyl  ammonium  perchlorate  sup- 
ported by  the  solvent  acetonitrile.  The  poly- 


mers and  copolymers  were  deposited  on 
glassy  cartxin  or  indium  tin  oxide  electrodes, 
using  a  platinum  counterelectrode. 

The  deposited  films  were  tested  by  cyclic 
voltammetry,  which  showed  that  the  anions 
diffuse  differently  in  films  of  different  com- 
position. Infrared  spectra  of  the  films  indicat- 
ed the  presence  of  molecular  linkages  of 
the  type  that  occur  in  the  copolymer  but  not 
in  either  pure  polymer.  The  equality  of  two- 
probe  electrical-resistance  measurements 
before  and  after  the  immersion  of  the  films 
in  the  solvent  indicates  that  each  monomer 
is  locked  into  a  polymer  matrix  and  not  mere- 
ly deposited  loosely  in  a  polymer  matrix 
formed  from  the  other  monomer.  The  elec- 
trical conductances  of  the  films  were  found 
to  depend  on  composition  (see  Figure  2). 


N-[(3-trimethoxy  silyl) 
propyl)]pyrrole  (Monomer  I) 
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I  Figure    1 .    Copolymers    of 
Pyrrole  and  Monomer  I  can 

be  formed  by  electrochemical 
deposition  from  a  mixture  of 
these  monomers  with  the 
electrolyte  tetra  n-butyl  am- 
monium perchlorate  in  ace- 
tonitrile solvent. 
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Figure  2.  The  Conductances 
of  Copolymer  Films  were 
found  to  vary  with  composi- 
tion. (The  conductance  is 
given  instead  of  the  conductiv- 
ity because  the  exact  thick- 
ness is  not  known.) 


This  work  was  done  by  Ganesan  Nagasubramanian,  Salvador 
DiStefano,  and  Ranty  H.  Liang  of  Caltecti  for  NASA's  Jet 
Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and  a  patent  application 
has  been  filed.  Inquiries  concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development  should  be  addressed 
to  the  Patent  Counsel,  NASA's  Resident  Office-JPL  Refer  to 
NP0-17826/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Ctiapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F.  hJIcCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240:  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Fabrication  of  Ceramic  IVIats 

A  slurry  of  ceramic  powder,  binder,  and  solvent  would  be  extruded  through  a  spinneret. 


A  process  to  make  mats  of  fine  zirconia 
filaments  tnas  been  proposed.  Zirconia  ce- 
ramic is  supplied  as  a  powder,  but  a  still 
finer  powder  is  needed  for  making  the  por- 
ous zirconia  membranes  to  be  used  in  ttie 
electrolytic  dissociation  of  air  to  obtain  oxy- 
gen. Mats  of  fine  zirconia  fibers  would  be 
easier  to  ball-mill  than  is  the  commercially 
available  zirconia  powder. 

In  the  proposed  technique,  ceramic  fila- 
ments would  be  extruded  from  a  slurry.  The 
slurry  would  consist  of  zirconia  ceramic 
powder  suspended  in  a  liquid  vehicle  of 
binder  and  solvent.  The  filaments  would  be 
formed  by  forcing  the  slurry  through  a  spin- 
neret (see  figure),  the  nozzles  of  which 
would  be  lined  with  sapphire  to  protect 
against  erosion.  After  being  partially  dried 
by  air  jets,  the  filaments  would  fall  onto  a 
moving  belt,  forming  a  loose  mat.  Finally 
the  mat  would  be  compressed  to  the  de- 
sired thickness  and  sintered. 

The  fiber-extruding  apparatus  would  pre- 
vent contact  between  air  and  the  slurry 
prior  to  extrusion.  Air  could  dry  the  surface 
of  the  slurry  enough  to  form  a  skin,  which 
might  clog  the  fine  holes  in  the  spinneret. 
Before  the  slurry  is  pumped  into  the  tank, 
the  tank  would  be  evacuated  to  remove  air 
A  flexible  diaphragm  would  separate  the 
slurry  from  the  gas  used  to  pressurize  the 
tank  during  extrusion.  Valves  would  enable 
the  flushing  of  the  system  with  solvent  to 
remove  residual  slurry  prior  to  shutdown. 


This  work  was  done  by  Earl  R.  Collins, 
Jr  of  Caltecti  for  NASA's  Jet  Propulsion 
Laboratory. 

In  accordance  witli  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NPO-17210/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F.  McCaul 
r\/lail  Code  180-801 
4800  Oal<  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
l^gr.  for  JPL  Norman 
L  Chalfin 
tvlail  Stop  156-211 
4800  Oal<  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


Ceramic  Mats  would  be  formed  by  sintering 
mats  of  partially  dried  filaments  extruded  from 
a  slurry  of  ceramic  powder,  binder,  and  sol- 
vent. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P.O.  Box  8757. 
BWI  Airport,  MD  21240,  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Formation  of  Ohmic  Gold  Contacts  on  Epitaxial  GaAs 

Keeping  the  wafer  in  vacuum  until  metallization  prevents  the  formation  of  rectifying  contacts. 


A  new  low-temperature  procedure  can 
be  used  to  deposit  ohmic  gold  contacts  on 
gallium  arsenide  epitaxial  films,  forming 
ohmic  electrical  contacts.  Previously,  an- 
nealing at  a  temperature  of  at  least  350  °C 
was  necessary  to  initiate  diffusion  of  gold 
into  gallium  arsenide  film  to  form  ohmic  (as 
opposed  to  Schottky-barrier  rectifying) 
contacts.  Such  a  high  temperature  can  al- 
ter or  damage  other  structures  already 
formed  in  multilevel  gallium  arsenide  semi- 
conductor devices. 

In  an  experiment  to  demonstrate  the 
new  procedure,  the  gallium  arsenide  film 
was  deposited  on  a  wafer  by  molecular- 
beam  epitaxy;  the  resulting  film  has  a  lower 
defect  density  than  that  of  material  grown 
from  a  melt.  After  deposition  of  the  gallium 
arsenide  film,  the  wafer  was  transferred  — 
while  still  under  vacuum  —  to  a  metalliza- 
tion chamber,  where  a  gold  dot  10  nm  thick 
was  deposited  on  it  from  a  gold  filament. 

The  contact  thus  formed  was  ohmic  — 
its  current  was  linearly  proportional  to  the 
voltage  and  symmetrical  about  zero  volt- 
age (see  figure).  If  the  wafer  had  under- 
gone conventional  processing  before 
metallization,  however,  its  current-versus- 
voltage  characteristic  would  have  been 
typical  of  a  diode.  Apparently,  conventional 
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The  Current-  vs-  Voltage  Characteristic  of 

on  ohmic  gold  contact  on  gallium  arsenide  is  a 
straight  line  passing  through  zero.  However,  if 
the  gallium  arsenide  is  processed  by  conven- 
tional methods  prior  to  the  deposition  of  the 
gold,  the  characteristic  is  that  of  a  diode. 


processing  results  in  a  barrier  to  the  diffu- 
sion of  gold. 

This  work  was  done  by  Michael  H. 
Hecht,  L  Doug  Bell,  and  William  J.  Kaiser 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 


to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

Edward  An  sell 

Director  of  Patents  and  Licensing 

Mail  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to   NPO-17795/TN,    volume   and 
number  of  this  NASA  Tech  Briefs  issue, 
and  the  page  number 

Jet  Propulsion  Lab. 

NASA  Resident  Office- 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
ti/lgr.  for  JPL:  Norman 
L.  Chalfin 
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Forming  YBasCuaOy.x  Superconductors  on  Copper  Substrates 

Mechanical  processing  —  always  difficult  and  usually  innpossible 
with  superconductors  —  is  not  necessary. 

An  experimental  process  fornns  a  layer 
of  the  high-critical-tennperature  cerannic 
superconductor  YBa2Cu307_^on  the  sur- 
face of  a  copper  substrate.  The  process 
offers  a  possible  solution  to  the  problenn 
of  finishing  cerannic  superconductors  to  re- 
quired final  sizes  and  shapes  —  a  difficult 
problem  because  these  materials  are  so 
brittle  that  they  cannot  be  machined  or 
bent. 

The  process  is  easily  justified  by  basic 
physical  principles.  A  superconductor  is 
subject  to  the  Meissner  effect  —  the  ex- 
clusion of  magnetic  field  from  the  interior 
of  the  material.  This  effect  forces  any  elec- 
trical current  in  the  superconductor  to  be 
concentrated  at  the  surface.  Consequently 
in  a  typical  application,  there  would  be  no 
advantage  in  making  a  thick  superconduc- 
tive part  at  great  difficulty  and  expense: 
it  would  suffice  to  form  a  thin  superconduc- 
tive layer  on  a  normal  conductor  or  insula- 
tor, which  could  provide  mechanical  sup- 
port. For  example,  a  superconductive  coat 
could  be  formed  on  a  copper  wire  or  on 
a  tube.  The  tube  could  be  cooled  below 
the  critical  superconducting-transition 
temperature  by  pumping  liquid  nitrogen 
(temperature  =  77  K)  through  it. 

The  experimental  process  begins  with 
the  mixing  of  yttrium  oxide  and  barium  car- 
bonate powders  in  the  required  stoichio- 
metric ratio  of  1:2.  (The  powders  are  mild- 
ly toxic  and  are  prepared  in  vented  hoods.) 
Next,  the  powder  is  packed  around  the  cop- 
per wire,  tube,  or  other  part  in  a  ceramic 
boat.  The  amount  of  powder  and  the  size 
and  shape  of  the  copper  part  are  not  criti- 
cal. However,  contact  between  the  powder 
and  the  copper  surface  is  essential  and 
is  achieved  by  firmly  pressing  the  powder 
into  the  boat  with  a  spatula.  The  boat  and 
its  contents  are  fired  in  an  oxidizing  furnace. 
The  outer  layer  of  the  copper  oxidizes;  then 
the  yttrium  and  barium  compounds  react 
with  the  copper  oxide  by  diffusion,  forming 
a  layer  that  contains  YBagCu  :Pj_y^  mixed 
with  nonsuperconducting  phases  (see 
figure). 


This  Secondary-Electron  Image  shows  an  outer  layer  of  yttrium,  barium,  copper,  and  ox- 
ygen that  was  formed  on  a  copper  wire. 


Further  research  will  be  necessary  to 
evaluate  the  superconducting  qualities  of 
the  surface  layers  and  optimize  the  proc- 
ess, for  example,  surface  layers  with  thick- 
ness of  5  to  10  iJLVn  (depending  on  firing 
time)  have  been  examined  by  energy- 
dispersive  x-ray  analysis,  which  showed 
that  at  least  parts  of  these  layers  contained 
the  required  proportion  of  yttrium,  barium, 
copper,  and  oxygen.  It  remains  to  be  deter- 
mined to  what  extent  and  in  what  config- 
urations nonsuperconducting  phases/qual- 
ity superconducting  phases  are  required  for 
optimum  superconductivity  and  what  op- 
timum thicknesses  are  necessary.  The  ef- 
fects of  variations  in  the  pressure,  time,  and 
temperature  of  the  process  must  also  be 
investigated,  for  example,  variation  of  the 
firing  time  varies  the  degree  of  oxidation 
of  the  copper:  and  with  an  increase  in  fir- 
ing time,  the  yttrium  and  barium  may  be 


drawn  further  into  the  copper  part. 

This  work  was  done  by  J.  Devin 
MacKenzie  and  Stanley  G.  Young  of 
Kennedy  Space  Center 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel. 
Kennedy  Space  Center  Refer  to 
KSC-n448/TN. 

John  F.  Kennedy 
Space  Center 

Technology  Utilization 
Officer  Ttiomas  M. 
Hammond 

Mail  Stop  PT-PMO-A 
Kennedy  Space 
Center,  FL  32899 
(407)  867-3017 
Patent  Counsel 
James  D.  Harrell 
Mail  Code  PT-PAT 
Kennedy  Space 
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(407)  867-2544 
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Impact  Damage  in 
Carbon/Epoxy  and 
Carbon/PEEK  Composites 

PEEK  specimens  showed 
less  delamination  than 
did  epoxy  specimens  at 
a  given  impact  energy. 

A  report  describes  the  results  of  drop- 
weight  innpact  testing  (impact  energies 
ranging  fronn  0.80  J  to  1.76  J)  of  specimens 
of  carbon-fiber/epoxy  and  carbon-fiber/ 
polyetheretherketone  (PEEK)  composite 
materials.  Panels  made  of  these  materials 
can  be  assembled  into  lightweight,  strong, 
stiff  structures  that  are  useful  in  automo- 
biles, aircraft,  sporting  goods,  and  many 
other  products.  However,  parts  made  of 
these  composites  are  vulnerable  to  punc- 
ture-type impact  damage.  A  better  under- 
standing of  this  damage  can  assist  in  the 
design  of  parts  made  of  these  materials 
and  in  the  evaluation  of  the  usability  of  a 
part  that  has  been  damaged  by  impact. 

All  of  the  specimens  contained  69 
weight  percent  fibers  and  were  laminated 
in  eight-ply  bidirectional  and  unidirectional 
configurations.  Each  specimen  was  30.5 
cm  long,  2.54  cm  wide,  and  1.02  mm  thick. 

Each  specimen  was  clamped  between 
two  aluminum  plates  and  struck,  through 
holes  in  the  plates,  by  an  instrumented 
drop-weight  impact  tester.  To  obtain  a  punc- 
ture type  of  impact,  the  tup  was  of  a  small- 
er diameter  (4.2  mm)  than  were  those 
used  in  most  previous  studies,  and  the 


specimens  were  placed  over  a  hole  10.3 
mm  in  diameter.  The  impact  energies  were 
varied  by  varying  the  drop  heights  from  7.6 
to  15.2  cm  for  the  bidirectional  specimens 
and  from  7.6  to  12.7  cm  for  the  unidirec- 
tional specimens. 

After  impact,  each  specimen  was  cross- 
sectionally  cut  through  the  point  of  impact 
in  a  direction  perpendicular  to  the  outer  fi- 
bers by  use  of  a  small  diannond-wheel  cutter. 
These  cross  sections  were  then  observed 
and  photographed  at  12  x  magnification. 

The  bidirectional  specimens  showed 
little  damage  until  the  impact  energy  was 
1.13  J.  At  this  energy,  delaminations  were 
seen  in  the  epoxy  specimens.  For  a  given 
impact  energy  the  PEEK  specimens  were 
less  delaminated  than  were  the  epoxy 
specimens,  and  the  unidirectional  speci- 
mens were  more  damaged  than  were  the 
bidirectional  specimens.  Of  the  unidirec- 
tional specimens,  those  made  with  PEEK 
proved  to  be  more  resistant  to  impact  than 
were  those  made  with  epoxy:  at  every  en- 
ergy level,  the  PEEK  matrices  underwent 
much  less  cracking  than  did  the  epoxy 
matrices.  In  general,  the  impact  damage 
sustained  by  unidirectional  specimens  is 


much  more  dependent  on  matrix  shear 
toughness  than  is  the  damage  sustained 
by  bidirectional  specimens  because  the 
unidirectional  samples  contain  no  cross 
fibers,  which  help  prevent  matrix  shear 
failure  during  a  puncture  type  of  impact. 

This  work  was  done  by  AT.  Nettles  and 
N.J.  Magold  of  Marshall  Space  Flight 
Center 

Copies  may  be  purctiased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  may  be  placed  for  an  extra 
fee  by  calling  (800)  336-4700. 
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Mechanically  Oriented,  Ijow-Curie-Temperature  Materials 

stronger  permanent  magnets  would  be  made  by  metallurgical  techniques. 


A  proposed  fabrication  process  would  pro- 
duce permanent  magnets  of  greater  flux  den- 
sity, intended  for  use  at  temperatures  far  be- 
low room  temperature.  Such  magnets  are 
parts  of  electrical  motors  and  other  electro- 
mechanical actuators  that  operate  in  cryo- 
genic systems.  The  performances  of  actua- 
tors increase  with  the  flux  densities  available 
from  their  magnets. 

Permanent  magnets  made  of  the  familiar 
materials  that  have  Curie  temperatures 
above  room  temperature  can  function  in 
cryogenic  systems.  However,  cryogenic  ap- 
plications open  up  the  opportunity  to  use 
newer  magnetic  materials  that  have  higher 
magnetic  moments  but  that  do  not  ordinarily 
act  as  permanent  magnets  because  their 
Curie  temperatures  are  below  room  tem- 
perature. One  such  material  is  DygAlj,  sin- 
gle crystals  of  which  have  exhibited  an 
energy  product  of  73  MG«Oe  at  a  tempera- 
ture of  4.2  K.  This  represents  a  substantial 
increase  over  the  best  currently  available 
permanent-magnet  material,  Pr2Fe^4B, 
which  has  an  energy  product  of  49  MG« 
Oe. 


Until  now,  permanent  magnets  have  been 
made  from  the  familiar  materials  by  stand- 
ard processing  techniques  in  which  pow- 
ders destined  to  be  formed  into  magnets 
are  aligned  in  magnetic  fields  at  room  tem- 
perature. Other  processing  techniques  must 
be  devised  for  the  newer  materials,  because 
at  room  temperature,  they  lose  their  magne- 
tism as  soon  as  the  aligning  magnetic  fields 
are  removed.  The  proposed  process  is  based 
on  the  use  of  mechanical  metallurgical  tech- 
niques (e.g.,  die  upsetting  and  extrusion)  to 
make  oriented  magnets  of  DygAlj,  be- 
cause these  techniques  can  produce  align- 
ment above  the  Curie  temperature.  In  re- 
cent years,  these  techniques  have  been 
applied  successfully  to  Nd2Fe,4B,  yielding 
(in  the  case  of  die  upsetting)  magnets  that 
have  energy  products  comparable  to  those 
of  their  field-aligned  counterparts. 

The  proposed  process  entails  two  dif- 
ficulties. The  first  is  that  die  upsetting  and 
extrusion,  when  applied  to  uniaxial  materials, 
produce  complementary  orientations,  and 
only  one  of  these  processes  can  produce 
a  uniaxial  texture  (the  other  being  two-di- 


mensional isotropic).  Which  of  these  proc- 
esses produces  the  desired  uniaxial  texture, 
the  degree  of  alignment,  and  the  necessary 
processing  conditions  (temperature,  defor- 
mation rate,  and  the  like),  remains  to  be 
determined.  The  second  difficulty  is  that, 
because  of  their  low  Curie  tempjeratures, 
the  new  magnets  must  be  magnetized  at 
low  temperatures.  This  can  be  done  by  ap- 
plying a  magnetic  field  to  a  magnet-t<>t>e 
via  coils  while  the  magnet-to-be  is  cooled. 
This  technique  can  succeed  because 
DygAlg  becomes  magnetically  soft  well 
above  the  Curie  temperature. 

This  work  was  done  by  Edwin  B. 
Boltich  of  Advanced  Materials  Corp.  for 
Marshall  Space  Flight  Center. 
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Simple  wet  chemical  processes  create  protective 
surface  layers. 
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The  surfaces  of  high-temperature  superconductors  can  be 
passivated  with  native  iodides,  sulfides,  or  sulfates  formed  by 
chemical  treatments  after  the  superconductors  have  been 
grown.  The  passivating  compounds  are  nearly  insoluble  in  and 
unreactive  with  water  and,  therefore,  protect  the  underlying 
superconductors  from  the  effects  of  moisture.  Thus  far,  passi- 
vating layers  of  cuprous  iodide  (Cul)  and  of  barium  sulfate 
(BaSOJ  have  been  grown.  Experiments  on  the  growth  of 
layers  of  cupric  sulfide  (CuS),  cuprous  sulfide  (CUjS),  and 
mixed  CuS  and  CUjS  are  planned. 

The  passivating  layers  have  been  formed  on  1-(jm-thick 
films  of  YBajCUjO^^  superconductor  by  wet  chemical  proc- 
esses. Layers  of  this  type  are  also  expected  to  be  compatible 
with  other  high-temperature  superconductors.  Those  passi- 
vating compounds  that  contain  copper,  in  particular,  should 
give  almost  identical  protection  on  the  other  superconductors, 
inasmuch  as  most  currently  known  high-temperature  super- 
conductors are  cuprates. 

In  the  first  step  of  each  of  the  still-experimental  passivation 
processes,  a  superconducting  film  is  etched  in  a  solution  of 


bromine  and  absolute  ethanol  to  pro- 
duce a  clean  surface  of  nearly  ideal 
composition.  In  the  second  step  in  one 
of  the  processes,  the  superconductor  is 
then  dipped  in  absolute  ethanol  contain- 
ing 1  percent  hydrogen  iodide  (HI)  to 
forrri  a  Cul  layer  on  the  surface.  If  the 
superconductor  is  then  immersed  in 
water,  a  very  thin  film  of  copper  hydrox- 
ide [Cu(0H)2]  forms  on  its  surface,  but 
the  underlying  Cul  remains  intact  and 
thus  remains  an  effective  passivating 
layer.  Cul  has  the  additional  advantage 
of  being  a  semiconductor,  so  electrical 
contact  can  be  made  directly  to  it  in- 
stead of  to  the  superconductor. 


In  the  second  step  of  another  of  the 
processes,  a  surface  layer  of  BaSO^  is 
formed  by  dipping  a  superconducting 
film  in  an  aqueous  solution  of  1  percent 
sulfuric  acid  (H^SOJ.  The  subsequent 
immersion  of  the  treated  superconduc- 
tor in  water  produces  no  changes,  as 
measured  from  x-ray  photoelectron 
spectra;  the  sulfate  is  chemically  inert 
with  respect  to  water.  The  sulfate  layer 
is  an  insulator 

In  the  second  step  of  another  proc- 
ess, yet  to  be  tried,  a  film  of  CUgS  and/ 
or  CuS  is  expected  to  be  formed  when  a 
superconducting  film  is  dipped  in  an 
aqueous  solution  of  a  sulfide  such  as 
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sodium  sulfide  (Na^S)  or  ammonium 
sulfide  [(NH^j^S].  Cu^S  is  known  to  be 
virtually  insoluble  in  water,  and  CuS  has 
very  low  solubility. 

Other  candidate  passivating  surface 
films  are  iodides  and  sulfides  of  bis- 
muth, strontium,  and  thallium.  Other 
proposed  techniques  for  the  formation 
of  passivating  layers  include  deposition 
and  gas-phase  reaction. 

This  work  was  done  by  Richard  P.  Vas- 
quez  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL  Refer  to  NPO-17949/TN. 
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SiOx  Protective  Coat 
for  Polyimide  Sheet 

The  surface  film  would 
protect  the  substrate 
from  bombardment  by 
atomic  oxygen. 

A  report  and  a  detailed  appendix  de- 
scribe a  protective  coat  of  SiO^ (where  x  is 
1.9-2.0)  on  Kapton  H®  polyimide  shieet. 
The  sheet  is  intended  for  use  as  the  blanket 
substrate  material  of  a  flexible  array  of 
solar  photovoltaic  cells  on  the  Space  Sta- 
tion Freedom. 

The  continuous  bombardment  by  atomic 
oxygen  in  low  orbit  around  the  Earth  would 
rapidly  oxidize  an  unprotected  polyimide 
sheet.  Previous  experiments  have  shown 
that  a  coat  of  SiOx  is  sufficiently  impervious 
to  atomic  oxygen  to  forestall  degradation 
and  that  it  can  withstand  the  chemical 


processing  and  most  of  the  mechanical 
operations  used  to  fabricate  the  solar  ar- 
ray However,  because  the  SiOy  coat  can- 
not withstand  severe  bending  (as  in  form- 
ing the  hinge  joints  at  the  edge  of  each 
solar  panel),  an  aluminum  foil  coat  would 
be  used  at  the  hinges. 

The  SiOx  coat  is  vacuum-sputtered  onto 
the  polyimide  sheet.  Such  coatings  have 
been  durability-verified  in  space  tests  on 
STS-8  and  the  Long  Duration  Exposure 
Facility.  For  the  solar-array  blankets,  the 
specification  calls  for  a  coating  1,000  ± 
130  A  thick  on  a  polyimide  sheet 


0.00100  ±  0.00020  in.  (25.4  ±  5.1  ^Am)  thick. 
This  work  was  done  by  Bruce  Banks, 
James  Sovey,  and  Michael  Mirtich  of 
Lewis  Research  Center.  To  obtain  a 
copy  of  the  report,  "New  Technology 
Report— Interim  Protective  Coating 
Photovoltaic  Array  Environmenal  Protec- 
tion (PAEP)"  and  the  appendix,  "Detail 
Specification  for  Atomic  Oxygen  Resistant 
Thin  Film  Coating  on  Polyimide  Sheet 
Space  Station/Platform  Solar  Array" 
LEW-14912/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division.  P.O  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 
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Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Chance  Discovery  To  Aid  Muscle  Research 

It  started  out  as  just  another  ordinary  analysis  of  yet  another  natural  toxin.  Ronald  T.  Riley,  a  research 
pharmacologist  for  the  Agricultural  Research  Service  in  Athens,  Georgia,  was  studying  the  toxicity  of  animals  of 
the  natural  chemical  cyclopiazonic  acid  (CPA). 

As  he  pursued  tfie  research,  Riley  found  that  the  way  CPA  affected  animal  cells  was  quite  different  from  anything 
he  had  seen  before. 

By  the  time  they  were  done,  Riley  and  fellow  researcher  Douglas  Goeger  realized  that  CPA  is  potentially  a 
valuable  tool  for  understanding  and  possibly  regulating  skeletal  and  cardiac  muscle  contractions. 

CPA  is  produced  by  certain  species  of  the  fungi  Penicillium  and  Aspergillus.  While  conducting  toxicity  studies, 
the  lab  found  that  CPA  accumulated  in  skeletal  muscle  and  caused  alterations  in  both  the  structure  and  function  of 
muscle.  Riley  and  Goeger  observed  that  CPA  caused  numerous  chemical  alterations  in  membranes  of  muscle  cells. 
It  also  changed  the  way  in  which  calcium  moved  into  and  out  of  cells. 

The  precise  regulation  of  calcium  inside  muscle  fibers  is  critical  for  the  proper  function  of  the  muscle. 

Calcium  is  controlled  by  several  different  chemical  systems.  These  systems  regulate  its  concentration  inside  the 
cell  and  its  entry  into  the  cell.  Therefore,  the  two  scientists  decided  to  study  one  system  at  a  time,  Riley  says. 
Goeger  began  with  the  simplest  first,  an  enzyme. 

"This  was  a  fortuitous  decision  since,  as  it  turned  out,  CPA  is  a  highly  specific  inhibitor  of  this  one  special  enzyme 
that's  responsible  for  the  active  movement  of  calcium  within  muscle  fibers,"  says  Goeger. 

"In  addition  to  CPA's  use  as  a  chemical  probe  for  this  enzyme,  the  finding  could  serve  as  a  model  for  a  whole  new 
class  of  chemicals  designed  for  drug  treatments.  This  would  include  the  animal  disease  where  there  is  a  breakdown 
of  the  regulation  of  calcium  within  the  cell,"  Riley  adds. 

Because  Riley's  research  objectives  are  to  assess  the  health  risks  from  foodbornc  toxins,  Riley  and  Goeger  passed 
their  results  on  to  Anthony  Martonosi  of  the  College  of  Medicine  at  the  State  University  of  New  York  in  Syracuse. 

Martonosi  had  read  Riley's  and  Goeger's  scientific  paper  on  the  topic  and  asked  Riley  if  the  university  laboraiorj- 
could  do  further  studies.  Riley  agreed. 

Martonosi  assigned  a  team  of  scientists  to  check  Goeger's  and  Riley's  theory  that  CPA  could  be  used  as  an 
inhibitor  of  the  calcium-dependent  transport  enzyme  in  muscle  cells. 

The  medical  researchers  were  indeed  able  to  verify  the  ARS  scientists'  claim.  Studies  at  the  university  shelved  that 
CPA  could  become  a  useful  tool  in  determining  the  roles  the  calcium  transport  system  plays  during  the  contraction 
and  relaxation  of  skeletal  and  cardiac  muscle. 

"The  beauty  of  this  is  that  CPA  appears  to  highly  selective,"  says  Riley.  The  movement  of  calcium  within  muscle 
fibers  requires  the  expenditure  of  a  large  amount  of  energy,  which  comes  from  the  breakdown  of  an  energy-rich 
compound  called  ATP.  Enzymes  that  break  down  ATP  and  use  its  stored  energy  to  do  things  are  called  ATPases. 
The  calcium  transport  enzyme  is  a  calcium-dependent  ATPase,  but  CPA  locks  up  the  enzyme  so  calcium  can't  be 
transported,  Riley  says. 

"At  a  very  low  concentration,  CPA  is  a  specific  inhibitor,  but  it  appears  not  to  deplete  ATP  levels,"  says  Norbert 
W.  Seidler,  the  lead  scientist  on  the  team  working  with  Martonosi.  "High  levels  of  ATP  could,  in  fact,  protect 
against  CPA  toxicity."  Seidler  said  the  university  is  still  testing  CPA's  potential  as  a  medical  tool. 
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Interest  in  the  compound  began  around  1982,  when  ARS  researcher  Richard  Cole  gave  agency  scientists  at  the 
Toxicology  and  Mycotoxin  Research  unit  in  Athens  a  sample  of  CPA  to  analyze  for  toxicity.  Cole,  research  leader 
at  the  agency's  National  Peanut  Research  Laboratory  in  Dawson,  Georgia,  became  interested  in  the  compound  after 
he  learned  of  an  outbreak  of  disease  in  turkeys  in  Britain  in  the  early  1960's. 

In  each  death,  turkeys  died  with  their  legs  extended.  To  Cole,  that  suggested  the  toxin  responsible  might  have 
attacked  the  birds'  nervous  systems. 

Cole  learned  later  that  the  fungus  Aspergillus  flavus  can  produce  both  aflatoxin  and  CPA  simultaneously. 

With  little  information  on  CPA  and  its  effects  on  animals.  Cole  turned  to  scientists  at  the  Athens  lab,  where  Riley 
was  studying  its  effect  on  cell  membranes. 

"The  toxicity  of  CPA  to  animals  is  difficult  to  summarize.  In  the  hands  of  some  researchers  with  some  animal 
models,  CPA  appears  to  be  relatively  toxic,  yet  in  other  hands  with  the  same  animals  it  shows  litde  or  no  toxicity," 
says  William  Norred,  research  leader  of  the  group. 

"CPA  is  not  very  toxic  to  muscle  cells,  liver  cells,  or  kidney  cells  when  compared  to  aflatoxin  and  other  fungal 
toxins,"  Riley  adds.  "When  I  first  looked  at  the  structure  of  CPA,  it  appeared  that  it  would  have  some  effects  on 
membrane  function." 

Cell  membranes  are  vital  because  they  act  as  barriers  to  the  unregulated  movement  of  nutrients  or  essential 
chemicals  within  the  cell.  The  proteins  within  the  membranes  function  as  guards  to  regulate  what  can  cross  the 
border. 

The  calcium  transport  enzyme  system,  which  is  inhibited  by  CPA,  is  present  in  most  if  not  all  cells,  Riley  says. 
Because  calcium  is  an  important  regulator  of  cell  function,  the  processes  that  control  calcium  content  within  the 
cell  are  extremely  vital  to  the  well-being  of  the  cell.  This  is  especially  true  in  muscle  cells,  which  are  extremely 
rich  in  this  particular  enzyme. 

The  enzyme  is  located  in  the  membrane  of  the  organelle  within  muscle  cells,  known  as  the  sarcoplasmic  reticulum. 
An  organelle  is  a  tiny  cellular  equivalent  of  an  organ. 

This  organelle  stores  calcium  while  the  muscle  is  relaxed  and  releases  calcium  into  the  cellular  fluid  where  the 
proteins  responsible  for  contraction  are  located. 

This  release  of  calcium  occurs  when  the  muscle  is  given  a  signal  to  contract.  The  muscle  can  relax  only  if  the 
calcium  is  removed  from  contact  with  the  proteins  responsible  for  muscle  contraction  and  stored  once  again  in  the 
organelle. 

"CPA  is  not  the  only  compound  that  can  inhibit  the  calcium  transport  enzyme  in  muscles,"  Riley  says,  "but  it  is  the 
only  compound  that  is  specific  for  this  enzyme." 

Riley  says  CPA  stopped  only  calcium.  This  is  important  because  it  allows  researchers  to  separate  the  processes 
responsible  for  calcium  movement  and  the  roles  the  calcium  transport  enzyme  plays  in  regulating  the  contraction 
and  relaxation  of  skeletal  and  cardiac  muscles. 

"When  a  scientist  can  change  the  function  of  just  one  enzyme  without  altering  the  activity  of  other  enzymes,  he  or 
she  can  study  the  role  of  that  one  particular  enzyme  in  the  physiology  of  the  whole  system,"  Riley  says. 

CPA  might  serve  as  more  than  just  a  tool  to  understand  how  the  calcium  transport  enzyme  regulates  muscle 
movement.  Riley  thinks  that  it  might  someday  be  used  as  a  model  to  develop  drugs  to  regulate  muscle  contraction. 

"A  lot  of  fungal  compounds  have  been  found  to  be  very  valuable  in  medicine,"  he  says.  "It's  not  always  just  a 
matter  of  checking  toxicity.  That's  what  makes  this  research  exciting." 

FOR  ADDITIONAL  INFORMATION:  Ronald  T.  Riley  is  in  USDA-ARS  Toxicology  and  Mycotoxin  Research, 
RO.  Box  5677,  Athens,  GA  30613;  (404)546-3377. 
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§    Technology  Application 


Brookhaven  National  Laboratory 


Positron  Enzyme  Imaging  IVletliod 


Advancing  the  use  of  positron  emission  tomography  at  the  Brookhaven  National  Lab  (BNL),  scientists  developed  a 
new  method  of  imaging  certain  enzymes  in  the  human  body. 

The  technology  is  a  method  of  quantifying  and  mapping  the  distribution  of  certain  human  enzymes  in  vivo  using 
radiolabeled  enzyme  inhibitors  that  bind  irreversibly  to  those  enzymes.  Mapping  enzyme  distribution  can  be  an 
important  step  in  determining  the  molecular  basis  of  certain  diseases. 

The  technology  specifically  covers  the  strategy  and  radiotracers  used  to  image  the  enzyme  monoamine  oxidase, 
alterations  of  which  have  been  implicated  in  a  number  of  mental  disorders  and  diseases.  Two  inhibitors  of  different 
forms  of  the  enzyme  are  used:  clorgyline,  which  binds  with  monoamine  A,  and  L-deprenyl,  which  binds  with 
monoamine  B.  These  inhibitors  are  labeled  with  carbon-11,  a  positron  emitter  with  a  half-life  of  20.4  minutes,  at 
the  N-methyl  carbon,  using  carbon-11  labeled  iodide. 

The  [    C]clorgyline  and  the  [    C]-L-deprenyl  are  injected  intravenously  into  a  patient.  There,  each 
binds  with  the  proper  form  of  monoamine  oxidase.  Positron  emission  tomography  (PET)  is  then  used  to  map  the 
regional  distribution  and  concentration  of  this  enzyme  by  detecting  the  body-penetrating  photons  arising  from 
positron  emission. 

FOR  ADDITIONAL  INFORMATION:  For  further  information,  contact  BiU  Marcuse  at  (5 16)282-2103. 
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Technology  Application 


Lawrence  Berkeley  Laboratory 


Synthetic  Agents  for  Heavy  Metal  Removal 


A  synthetic  chemical  agent  for  decontaminating  victims  of  radiation-poisoning  has  been  designed  by  scientists  with 
the  Lawrence  Berkeley  Laboratory.  In  tests  on  mice  injected  with  minute  amounts  of  plutonium,  as  much  as  90 
percent  of  the  plutonium  was  removed  within  24  hours  of  treatment  with  the  agent,  compared  to  only  about  10 
percent  exiting  the  bodies  of  unU'cated  mice. 

Kenneth  Raymond,  a  chemist  in  LBL's  Chemical  Sciences  Division  and  a  professor  of  chemistry  with  the 
University  of  California  at  Berkeley,  leads  an  on-going  effort  to  design  and  synthesize  new  substances  that  will 
"recognize"  and  bind  with  specific  heavy  metal  ions,  immobilizing  them  for  removal  from  living  tissue  or  from  the 
environment.  As  an  archetype  for  these  substances,  Raymond  and  his  group  are  employing  the  natural  compounds 
manufactured  by  bacteria  and  other  microorganisms  to  transport  iron. 

Microorganisms  lack  the  iron-storing  proteins  of  plants  and  animals  and  must  obtain  iron  from  their  environment. 
However,  the  iron  available  to  them  is  the  ferric  ion,  which  is  insoluble  at  neutral  pH.  To  overcome  this  problem, 
microorganisms  secrete  small  molecules  called  "siderophores"  which  encapsulate  the  ferric  ions  in  tightly  bound 
cage-like  complexes  so  that  they  can  be  drawn  back  into  the  cell.  A  siderophore  preferentially  complexes  the  ferric 
ion,  recognizing  it  on  the  basis  of  its  electronic  charge  and  its  atomic  size. 

Raymond  and  his  group  designed  a  complexing  agent,  modeled  after  a  bacterial  siderophore  called  "enterobactin," 
that  would  bind  tightly  enough  with  plutonium  to  remove  it  from  biological  storage  sites.  The  immobilized 
plutonium  could  then  be  passed  through  the  kidneys  and  excreted  out  of  the  body. 

So  far,  Raymond's  plutonium  complexing  agents  have  depended  upon  a  charge  and  sized-based  molecular 
recognition  system  similar  to  Nature's.  Now  he  is  developing  a  three-dimensional  recognition  system  based  on 
what  he  calls  "stereognostic  coordination  chemistry,"  which  calls  for  the  recognition  of  structure  as  well  as  charge 
and  size. 

In  addition  to  decontaminating  victims  of  radiation-poisoning,  Raymond  thinks  that  synthetic  complexing  agents 
for  the  heavy  metals  will  prove  valuable  for  removing  radioactive  waste  from  environment. 

"There  already  is  a  tremendous  volume  of  nuclear  reactor  waste  which  includes  small  amounts  of  transuranic 
elements.  Some  of  this  will  be  with  us  for  more  than  100,000  years,"  he  says.  "It  would  be  nice  to  have  an 
alternative  to  just  burying  it  en  masse." 

FOR  ADDITIONAL  INFORMATION:  Public  Information  Department,  ATTN:  Lynn  Yarris,  Lawrence  Berkeley 
Laboratory,  Berkeley,  CA  94720;  Telephone  (415)486-5375. 
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NIH 


Federal  laboratory  resource 
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Research  &  Technology 

U.S.  Department  of  Health  and  Human  Services    Public  Health  Service    National  Institutes  of  Health 

Complex  Carbohydrate  Research  Center 

The  Resource  Center  for  Biomedical  Complex  Carbohydrates  of  the  Complex  Carbohydrate  Research  Center  (CCRC)  of 
the  University  of  Georgia  in  Athens  is  the  nation's  only  designated,  federally  supported  center  dedicated  to  examining  the 
structures  and  functions  of  complex  carbohydrates.  Complex  carbohydrates  consist  of  simple  carbohydrate  molecules 
such  as  glucose  that  are  linked  to  one  another  to  form  chain-like  structures.  Often  the  chains  have  side  chains  that  also 
have  side  chains,  so  the  overall  structure  may  look  like  a  tree  with  branches,  smaller  branches,  and  twigs.  To  complicate 
matters  further,  a  complex  carbohydrate  often  is  associated  with  particular  proteins  or  lipids  and  is  important  for  their 
function. 

Complex  carbohydrates  are  involved  in  almost  all  cell  functions.  Beyond  their  well-known  properties  of  providing 
energy  and  giving  shape  to  cell  walls,  carbohydrates  act  as  cellular  receptors  for  enzymes,  hormones,  and  drugs  and  may 
be  characteristic  cell-surface  markers  for  particular  tumor  cells.  They  are  integral  parts  of  hormones,  can  trigger 
immune  responses,  and  can  disguise  a  virus  so  that  it  cannot  be  recognized  by  the  host's  immune  system  and  attacked. 
Abnormalities  in  carbohydrate  structure  can  cause  a  variety  of  genetic  disorders.  "They  are  everything.  If  you  talk  about 
carbohydrates,  you  end  up  talking  about  all  areas  of  biology,"  says  Dr.  Peter  Albersheim,  codirector  of  the  resource 
center. 

Before  the  University  of  Georgia  founded  a  carbohydrate  research  center  in  1985  "there  was  relatively  little  support  for 
research  in  this  field,  so  there  was  much  less  carbohydrate  research  than  research  on  proteins  and  nucleic  acids, "  Dr. 
Albersheim  says.  In  1987  the  UGA  facility  was  designated  a  research,  teaching,  and  service  center  for  plant  and 
microbial  carbohydrates  under  the  aegis  of  the  Plant  Science  Centers  Program  of  the  United  States  Department  of 
Agriculture  (USDA),  the  Department  of  Energy  (DOE),  and  the  Nadonal  Science  Foundation  (NSF);  funding  has  been 
provided  by  the  DOE.  In  1989  it  was  designated  the  Resource  Center  for  Biomedical  Complex  Carbohydrates. 
Currendy,  the  CCRC  is  funded  primarily  by  the  Biomedical  Research  Technology  Program  of  the  National  Center  for 
Research  Resources,  by  other  NIH  grants,  and  by  the  Department  of  Energy,  with  additional  grants  from  the  NSF,  USD.A, 
and  the  State  of  Georgia. 

This  range  of  sponsors  reflects  the  variety  of  fields  that  stand  to  benefit  from  carbohydrate  research.  Once  the  staiciurcs 
of  complex  carbohydrates  are  understood,  investigators  can  begin  to  unravel  their  properties  and  functions,  which  in  uini 
could  lead  to  improved  agricultural  production,  breakthroughs  involving  renewable  energy  sources,  new  drugs,  and 
elimination  of  several  genetic  abnormalities,  according  to  Dr.  Albersheim. 

Dr.  Albersheim  explains  that  there  are  great  advantages  of  centralizing  carbohydrate  research.  "It  would  be  vcr\  difficuli 
for  one  research  group  to  be  expert  in  all  the  areas  necessary  to  do  good  research  in  complex  carbohydrates.  It  is  the 
range  of  individuals,"  including  biochemists,  zoologists,  geneticists,  immunologists,  microbiologists,  virologists, 
pathologists,  botanists,  computer  scientists,  NMR  spectroscopists,  and  mass  spectrometrists  that  leads  to  the  s>  ncrgism  o( 
the  CCRC.  "This  is  truer  for  work  in  complex  carbohydrates  than  for  work  in  nucleic  acids  or  proteins,"  he  sa\  s.  The 
CCRC's  12  faculty  members;  110  faculty,  staff,  and  students;  and  codirectors  Dr.  Albersheim  :uid  Dr.  .-Man  Dar\  ill 
represent  many  different  fields  and  areas  of  expertise. 
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"It  is  much  harder  to  unravel  the  structures  of  carbohydrates  than  the  structures  of  proteins  or  nucleic  acids  because  i 

carbohydrate  chemistry  is  much  more  complex.  Complex  carbohydrates  have  highly  branched  structures  with  many  ways 
of  connecting  the  monosaccharides.  Here's  an  illustration  of  the  difference:  If  you  have  four  simple  carbohydrate 
molecules  (monosaccharides)  and  you  put  them  together  in  all  their  possible  combinations,  you  get  about  10,000 
structures.  If  you  do  that  with  4  nucleotides  are  4  amino  acids,  you  get  only  24  possible  combinations,"  Dr.  Albersheim 
says. 

"A  center  such  as  ours  helps  in  acquiring  the  front-line,  very  expensive  equipment  that  is  needed  to  do  this  kind  of 

science,"  he  adds.  The  resource  center  has  equipment  for  gas  chromatography-mass  spectrometry,  fast-atom 

1  H 

bombardment  mass  spectrometry,    H-NMR  and     C-NMR  spectroscopy,  as  well  as  multidimensional  NMR 

spectroscopy.  It  is  possible  to  do  composition  analysis  of  oligosaccharides  and  polysaccharides,  glocosyl  linkage 

analysis,  determination  of  molecular  weight,  sequencing  of  oli  'osaccharides,  and  analysis  of  three-dimensional 

conformations. 

Resource  personnel  process  samples,  interpret  data,  and  can  assist  biomedical  researchers  in  designing  experiments  and 
preparing  samples.  They  also  are  available  for  consultation  in  chemistry,  biology,  and  physical  methods  of  analysis,  and 
they  conduct  two  laboratory  training  courses  each  year. 

Dr.  Albersheim  estimates  that  nearly  100  laboratories  worldwide  have  used  the  CCRC's  services.  One  feature  in 
particular  -  the  center's  data  base  of  carbohydrate  structures,  which  is  the  only  catalog  of  its  kind  -  is  used  extensively  by 
researchers  around  the  globe.  The  data  base  is  accessed  by  computer.  "There  is  no  way  to  look  up  these  structures  in  the      g 
literature.  They  are  branched  structures  and  have  not  previously  been  encoded,  so  until  now  they  could  not  be  searched  in 
libraries,"  he  says. 

Dr.  Albersheim's  associate  Dr.  Scott  Doubet  developed,  however,  a  computer  data  base  and  a  data  base  management 
system  that  allow  a  searchable  listing.  With  approximately  4,000  entries  of  carbohydrate  structures  already  in  the 
Complex  Carbohydrate  Structure  Database  and  more  being  added  continually,  "we  now  have  a  way  to  look  these  up.  In 
the  past  there  was  no  way  to  compare  the  structure  of  a  carbohydrate  found  in  animals  to  that  of  one  found  in  plants  or 
microbes.  Nor  was  it  possible  to  know  if  the  structure  of  a  carbohydrate  one  had  just  characterized  had  been  elucidated 
previously.  Now  it  is  easy  to  find  out.  Eventually,  every  type  of  carbohydrate  in  nature  -  glycolipids,  fungal 
polysaccharides,  whatever  one  can  think  of  -  is  represented  in  this  data  base,"  Dr.  Albersheim  explains. 

User  fees  for  the  services  offered  at  the  Resource  Center  for  Biomedical  Complex  Carbohydrates  vary  according  to  the 
type  of  analysis  needed.  Fees  include  use  of  the  Center's  instrumentation  and  a  technician's  time. 

FOR  ADDITIONAL  INFORMATION:  For  more  information  about  the  Resource  Center  for  Biomedical  Complex 
Carbohydrates,  contact:  Dr.  Roberta  K.  Merkle,  Technical  Director  for  Biomedical  Carbohydrates,  Complex 
Carbohydrate  Research  Center,  The  University  of  Georgia,  220  Riverbend  Road,  Athens,  G  A  30602;  Telephone: 
(404)542-4405,  FAX:  (404)542-4412. 
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Avoiding  Cataracts 


Worldwide,  50  million  people  suffer 
from  clouded  vision  due  to  cataracts.  In 
the  United  States  alone,  about  1.4 
million  people — mostly  the  elderly — 
underwent  cataract  surgery  during  the 
1990  fiscal  year.  Medicare  paid  for  1 .2 
million  of  those  surgeries  at  a  stagger- 
ing cost  of  nearly  $3.2  billion.  The  cost 
in  quality  of  life  is  even  greater. 

Mounting  evidence  suggests  that 
many  of  these  operations  may  be 
delayed  or  prevented  if  people  con- 
sumed more  fruits  and  vegetables  and 
more  of  the  antioxidant  vitamins. 

Researchers  with  ARS"  Human 
Nutrition  Research  Center  on  Aging  at 
Tufts  and  the  Brigham  and  Women's 
Hospital  eye  clinic  recently  took  the 
most  comprehensive  look  at  the  rela- 
tionship between  cataracts  and  diet  in 
1 1 2  people  between  the  ages  of  40 
and  70.  Seventy-seven  of  the  partici- 
pants had  at  least  one  cataract;  35  had 
clear  lenses. 

Both  groups  filled  out  a  lengthy 
questionnaire  detailing  how  often  they 
consumed  various  foods;  they  provided 
a  history  of  their  supplement  use  as  well 
as  blood  samples.  Although  small  in 
scale  as  epidemiology  studies  go,  when 
the  data  were  put  through  statistical 
analyses,  significant  differences 
appeared: 

"Study  subjects  who  had  cataracts 
didn't  eat  as  many  fruits  and  vege- 
tables," says  Paul  Jacques  with  the 
ARS/Tufts  center's  epidemiology 
program.  Those  who  consumed  less 
than  1 .5  servings  of  fruit  or  fruit  juice 
per  day  or  less  than  two  servings  of 
vegetables  or  vegetable  juice  were 


three  and  a  half  times  more  likely  to 
have  cataracts.  And  those  who  fell 
short  in  both  categories  had  a  5.7- 
times-higher  incidence. 

"These  are  arbitrary  cutoffs."  says 
Jacques.  "Getting  just  two  servings  of 
vegetables  a  day  probably  isn't  the 
optimum.   But  those  subjects  who  tell 
below  two  servings  appear  to  be  at 
substantially  increased  risk." 

The  study  also  found  a  strong  link 
between  cataract  incidence  and  antioxi- 
dants, particularly  vitamin  C.  Antioxi- 
dants are  substances  that  help  detoxify 
cell-damaging  substances. 

Participants  whose  vitamin  C  intake 
was  in  the  lowest  20  percent — and  that 
included  people  who  reported  getting 
more  than  the  60  milligram  RDA — had 
4  times  the  occurrence  of  cataracts, 
says  Jacques.  A  similar  relationship 
emerged  between  vitamin  C  levels  m 
their  plasma  and  cataract  incidence. 

The  statistics  also  showed,  for  the 
first  time,  a  relationship  between 
cataract  occurrence  and  plasma  lc\els 
of  carotenoid.s — the  red,  \ellow.  and 
orange  plant  pigments,  including  beta 
carotene,  says  Jacques. 

Cataracts  were  5.6  tunes  more 
prevalent  among  those  w ith  the  lowest 
plasma  levels.  But  they  were  not  tied  to 
the  participant's  intake  of  beta  caro 
tene,  which  accounts  fori>nl\  about  20 
percent  of  the  total  caroienoids  in  the 
diet,  he  says.  Carotenoids  are  abundant 
in  the  dark-green  leafy  \egetables  as 
well  as  the  orange  and  red  fruits  and 
vegetables — tomatoes,  peaches,  squash, 
and.  of  course,  carrots. 


FOR  ADDITIONAL  INFORMATION:  Paul  F.  Jacques  is  with  the  USDA-ARS  Human  Nutrition  Resc;irch  Center 
on  Aging  at  Tufts  University,  711  Washington  Stjcet,  Boston,  MA  021 11;  (617)556-3322. 
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Flight  Checklists 
and  Interruptions 

How  a  crew  handles 
interruptions  affects  safety. 

A  report  examines  the  relation  between 
performances  of  fligfit  cfiecklists  and  inter- 
ruptions. The  report  is  based  on  a  study  of 
simulated  flights  of  a  Boeing  707  Airplane. 
Each  flight  was  conducted  with  1  of  14  dif- 
ferent crews,  and  during  each  flight  a 
series  of  overlapping  problems  was  intro- 
duced. The  study  investigated  patterns  of 
communication  that  in  carrying  out  check- 
lists, may  contribute  to  accidents. 

A  checklist  is  a  list  of  actions  to  be  per- 
formed in  a  challenge-and-response  man- 
ner. Ordinarily  the  actions  are  verifications 
that  activities  have  already  been  performed, 
rather  than  immediate  performances  of 
the  activities.  They  are  performed  routinely 
during  commercial  flights  and  include  se- 
quences done  at  various  times  from  before 
starting  engines,  throughout  the  flight,  and 
until  after  arrival  at  the  destination  air  ter- 
minal. 

Ideally  a  checklist  should  be  followed 
without  interruption.  However,  a  crew  may 


decide  to  interrupt  a  checklist  to  deal  with 
other  cockpit  concerns,  to  listen  to  the  ra- 
dio and  discuss  the  information  received, 
or  to  discuss  checklist  items  informally 
In  any  case,  the  correct  procedure  at  the 
outset  of  an  interruption  is  for  the  pilot  to 
place  an  explicit  hold  by  saying,  "Hold  it  at 
(name  of  checklist  item)."  When  the  inter- 
ruption is  concluded,  the  pilot  is  supposed 
to  say  "Continue  the  checklist,"  and  the 
reading  should  continue  just  as  if  there  had 
been  no  interruption. 

Each  simulation  was  a  mock  flight  from 
Tucson  to  Los  Angeles  via  Phoenix.  The 
problems  en  route  included  a  hold  to  burn 
excess  fuel,  a  missed  approach  because 
of  a  false  indication  that  the  nose  gear  was 
not  down,  deteriorating  ceilings  because  of 
incoming  coastal  fog,  and  the  forced 
choice  of  an  alternative  airport.  The  safety 
performance  of  each  crew  was  rated  by 
retired  captains  according  to  assessments 
of  the  risks  in  solutions  of  the  problems. 


The  study  showed  that  good  crews  had 
high  continuity  in  following  their  checklists 
and  that  it  is  not  the  number  of  interrup- 
tions but  rather  the  duration  of  interrup- 
tions that  is  associated  with  the  quality  of 
the  performance.  This  suggests  that  a  great- 
er burden  may  be  placed  on  the  memory  by 
one  long  interruption  than  by  several  short 
ones.  The  study  also  showed  that  only  the 
best  crews  used  explicit  holds  to  suspend 
checklists. 

This  work  was  done  by  C.  Linde  and  J. 
Goguen  of  Structural  Semantics  for  Ames 
Research  Center.  Further  information 
may  be  found  in  NASA  CR-1 77460  [N 88- 
26348],  "Checl<list  Interruption  and  Re- 
sumption: A  Linguistic  Study." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  336-4700.  ARC-12324/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport.  MD  21240;  (301)  621-0100  Ext  241 
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More  Life-Science 
Experiments  for  Spacelab 

Research  is  planned  on 
cardiovascular,  vestibular, 
metabolic,  and  thermal 
responses  of  animals 
in  weightlessness. 

A  report  describes  experiments  to  be 
done  as  part  of  the  Spacelab  Life  Sciences 
2  mission  (SLS-2),  scheduled  for  mid-1992. 
SLS-2  will  be  carried  aloft  by  the  Space 
Shuttle  in  the  microgravity  laboratory 
facilities  of  the  attached  Spacelab  module. 
The  experiments  are  expected  to  shed  light 
on  the  effects  of  prolonged  weightlessness 
on  humans. 

One  set  of  experiments  will  be  carried 
out  with  rodents  as  subjects  to  study  the 
following  effects  of  weightlessness  and  the 
return  to  normal  gravitation  on  Earth: 

•  Changes  in  the  cardiovascular  system; 

•  Changes  in  the  production  of  red  blood 
cells; 

•  Changes  in  the  volume  of  blood; 


•  Changes  in  bones  and  the  absorption  and 
excretion  of  calcium;  and 

•  Deleterious  changes  in  gravity  receptors 
in  the  inner  ear 

Primates  (squirrel  monkeys)  will  be  the 
subjects  of  two  experiments  designed  to 
study  the  effects  of  weightlessness  and  the 
return  to  gravity  on  the  following; 

•  Balances  among  fluids  and  electrolytes; 
and 

•  Temperatures,  eating,  drinking,  and  heart 
rates. 

The  paper  describes  the  objectives  and 
methods  of  each  experiment.  The  paper 
also  describes  the  principal  equipment  to 
be  used  in  the  experiments.  Two  rodent- 
holding  facilities  will  house  24  animals 


each.  A  primate-holding  facility  will  house 
four  squirrel  monkeys  and  enable  research- 
ers to  take  blood  and  urine  samples  —  an 
opportunity  not  previously  available  on 
Spacelab  missions.  A  general-purpose 
workstation  will  provide  an  enclosed, 
laminar-airflow  workbench  for  conducting 
some  of  the  more  complex  steps  in  the  ro- 
dent experiments.  A  small-mass-measur- 
ing instrument  will  determine  the  masses 
of  specimens  in  microgravity 

777/s  work  was  done  by  P.D.  Savage,  Jr., 
B.  Dalton,  R.  Hoga,  and  H.  Leon  of  Ames 
Research  Center.  To  obtain  a  copy  of  the 
report,  "Spacelab  Life  Sciences-2  ARC 
Payload—An  Overview." 
ARC-12316/TN 
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Processing  of  Visual 
Information  in 
Primate  Brains 

Processing  strategies 
and  pathways  of  the 
macaque  are  analyzed. 

A  report  reviews  and  analyzes  the  in- 
fornnation-processing  strategies  and  path- 
ways in  the  primate  retina  and  visual  cor- 
tex. It  would  be  of  interest  both  in  biological 
fields  and  in  such  related  computational 
fields  as  artificial  neural  networks.  The  re- 
port focuses  on  data  from  the  macaque, 
which  has  a  superb  visual  system  similar 
to  that  of  humans.  The  authors  stress  the 
concept  of  "good  engineering"  in  under- 
standing the  visual  system.  For  example, 
distances  between  adjacent  photorecep- 
tors in  the  fovea  (the  region  of  highest  acui- 
ty in  the  middle  of  the  retina)  closely  match 
the  resolution  limit  of  the  lens.  To  the  ex- 
tent to  which  evolutionary  pressures  have 
produced  a  system  of  some  nearly  optimal 
configuration,  the  properties  of  individual 
components  should  all  be  related  to  the 
performance  of  the  whole  visual  system. 

The  retino-geniculate  pathway  leads 
from  the  retina  to  the  lateral  geniculate  nu- 
cleus in  the  brain.  Intermediate  layers  with- 
in the  retina  perform  a  highly  selective 
pruning  of  the  information  that  enters  the 
eye.  In  the  "good  engineering"  approach 
to  constructing  a  conceptual  model  of  the 
visual  system,  the  representations  that 
emerge  from  this  preliminary  image  proc- 
essing severely  constrain  the  components 
of  subsequent  stages  of  analysis  of  visual 
information  in  the  visual  cortex. 

The  spatial  sampling  of  the  retina  ex- 
hibits a  linear  decrease  in  resolution  with 
angular  displacement  from  the  fovea.  Lu- 
minance information  at  each  sampling  lo- 


cus is  compressed  by  use  of  spatial  and 
temporal  differencing.  This  information  is 
distributed  into  the  parvocellular  (P)  and 
magnocellular  (M)  systems,  each  of  which 
includes  its  own  "on"  and  "off"  subsys- 
tems. The  P  system  responds  to  patterns, 
the  luminances  of  which  vary  at  frequen- 
cies of  <  20  Hz  (peaking  at  ~  10  Hz),  and 
carries  luminance  information  from  the 
lowest  resolution  up  to  the  highest  allowed 
at  a  given  angular  displacement  from  the 
fovea.  The  M  system  emphasizes  lumi- 
nance at  lower  spatial  resolution,  but  high- 
er temporal  rates  (up  to  about  80  Hz). 

Chromatic  information  is  multiplexed  in- 
to the  P  system,  but  constitutes  only  a  few 
percent  of  the  total  information  that  it  nor- 
mally carries.  Multiplexed  into  the  M  sys- 
tem is  a  nonlinear  measure  of  spatial  and/ 
or  chromatic  information,  which  may  be 
useful  for  the  analysis  of  texture,  segmen- 
tation of  images,  and  preattentive  visual 
processing.  The  differences  between  P 
and  M  cells  suggest  a  systematic  division 
of  labor  in  transmitting  spatial,  temporal, 
and  chromatic  information  to  the  cortex; 
the  authors  view  this  as  a  strategy  for 
packing  the  maximum  amount  of  useful 
information  into  the  optic  nerve. 

The  report  describes  the  functions  of 
the  visual  cortex,  including  both  the  static 
("hard-wired")  and  the  dynamic  aspects 
of  the  processing  of  visual  information.  The 
cerebral  cortex,  the  dominant  structure  of 
the  mammalian  brain,  is  the  principal  site 
of  higher  levels  of  visual  processing.  More 


than  half  of  the  cortex  is  related  to  vision, 
the  striate  cortex,  or  primary  visual  cortex 
occupying  about  15  percent  of  the  total. 
Visual  information  that  enters  the  striate 
cortex  is  processed  in  a  highly  localized 
fashion  to  generate  a  multitude  of  repre- 
sentations of  data  for  distribution  to  other 
areas  that  subserve  more  specialized  an- 
alyses. The  discussion  of  the  flow  of  in- 
formation through  the  visual  cortex  reviews 
the  evidence  that  the  processing  of  infor- 
mation in  the  cortex  is  fundamentally  hier- 
archical in  nature,  with  extensive  feedback 
as  well  as  parallel  processing. 

In  their  discussion  of  the  functionalities 
of  different  cortical  layers,  the  authors  hy- 
pothesize that  the  laminar  organization  of 
the  cortex  reflects  a  tripartite  division  of 
labor,  in  which  the  data-analysis  stage  is 
handled  mainly  within  the  superficial  cor- 
tical layers,  that  the  middle  layer  is  involved 
primarily  in  the  switching  of  inputs  for  dis- 
tribution to  the  superficial  layers,  and  that 
the  deeper  layers  mediate  the  control  of 
this  selection-and-routing  process.  Final- 
ly, the  report  discusses  the  application  of 
modeling  approaches  (such  as  connectivi- 
ty matrices),  which  have  been  used  with 
artificial  neural  networks  to  the  analysis 
of  cortical  microcircuitry  and  cascaded- 
network  architecture  of  the  cortex. 

This  work  was  done  by  Charles  H. 
Anderson  and  David  C.  Van  Essen  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-17900/TN 
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Physiology  of 
Prolonged  Bed  Rest 

Deconditioning  proceeds 
concurrently  with  healing. 

A  report  describes  the  physiological  ef- 
fects of  prolonged  bed  rest.  Rest  in  bed,  the 
report  notes,  has  been  prescribed  for  cen- 
turies in  treatnnent  of  injury  and  disease. 
However,  rest  for  periods  of  24  hours  or 
longer  deconditions  the  body  to  some  ex- 
tent; thus,  healing  proceeds  simultaneous- 
ly with  deconditioning. 

Deconditioning  results  from  decreased 
hydrostatic  pressure  in  the  cardiovascular 
system,  elimination  of  longitudinal  pres- 


sure on  long  bones,  some  decrease  in 
total-body  metabolism,  changes  in  diet, 
and  perhaps  the  psychological  impact  of 
forced  inactivity.  Every  system  in  the  body 
is  affected. 

Fluid  electrolytes  are  disturbed  almost 
immediately  in  bed  rest.  Muscles  begin  to 
atrophy  noticeably  within  the  first  week, 
with  increased  nitrogen  in  the  urine  and 
reduced  lean  body  mass.  After  14  days, 
significant  calcium  is  lost  through  the 


urine,  and  bone  density  decreases. 

The  report  provides  details  on  shifts  in 
fluid  electrolytes  and  the  loss  of  lean  body 
mass,  which  comprises  everything  in  the 
body  besides  fat  —  that  is,  water,  muscle, 
and  bone.  The  discussion  is  based  on 
published  research. 

This    work    was   done   by   John    E. 
Greenleaf  of  Ames  Research  Center 
ARC-12241/TN 
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Nitrous  Oxide  in  the 
Antarctic  Stratosphere 

Data  are  reported  for  the 
southern  ozone  hole. 

A  paper  reports  on  nneasurements  of  ni- 
trous oxide  (NgO)  in  the  upper  atmospfiere 
of  the  Southern  Hemisphere.  The  meas- 
urements were  made  by  a  tunable-laser 
absorption  spectrometer  on  an  airplane  at 
latitudes  from  42°  to  72°  south  and  at 
altitudes  from  14  to  21  km  during  late 
winter  and  early  spring.  The  measure- 
ments fill  a  gap  in  information  about  the 
distribution  of  Np  over  Antarctica  while 
the  ozone  hole  —  the  annual  depletion  of 
ozone  —  is  forming. 

Np  plays  three  important  roles  in  the 
stratosphere: 

•  It  is  the  major  source  of  nitrogen  oxides 
that  destroy  ozone  and  maintain  photo- 
chemical balance. 


•  It  is  a  "greenhouse"  gas,  trapping  radia- 
tion from  the  surface  of  the  Earth. 

•  It  can  be  used  to  trace  motions  of  air 

The  southern  region  in  which  the  meas- 
urements were  made  is  unique  in  the 
austral  winter.  The  zonal  symmetry  and 
radiative  cooling  of  the  region  create  a 
strong  vortex  that  separates  the  strato- 
spheric air  over  the  pole  from  the  sur- 
rounding air  A  strong  sinking  motion  brings 
air  from  as  high  as  50  km  down  to  20  km. 

The  paper  presents  average  winter  ver- 
tical profiles  of  the  concentration  of  Np 
(using  potential  temperature  as  the  altitude 
variable)  at  72°,  54°,  and  42°  south 
latitude  and  compares  them  with  equiva- 
lent summer  profiles.  The  paper  includes 


plots  of  latitudinal  gradients  of  the  concen- 
tration of  Np  on  isentropic  surfaces.  It  ex- 
amines the  implications  of  these  gradients 
for  the  inhibition  of  horizontal  mixing  near 
the  polar  vortex.  Finally  the  paper  presents 
a  large-scale  distribution  of  Np  between 
72°  and  42°  south  latitude. 

This  work  was  done  by  J.  R.  Podolske, 
M.  Loewenstein,  S.  E.  Strahan,  and  K.  R. 
Chan  of  Ames  Research  Center  To  ob- 
tain a  copy  of  the  report,  "Stratospheric 
Nitrous  Oxide  Distribution  in  Southern 
l-lemisphere," 

ARC-12223/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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0     Technology  Application 


Sandia  National  Laboratory 


Laboratory  Source  of  Tunable  XUV,  Soft  X-Rays 
Developed 


Researchers  at  Sandia  National  Laboratories,  Livermore,  have  developed  a  laboratory  instrument  that  provides  a  less 
expensive  and  more  convenient  source  of  intense  extreme  ultraviolet  and  soft  x-ray  radiation  than  had  been  previously 
available. 

Extreme  ultraviolet  (XUV)  and  soft  x-rays  -  on  the  far  end  of  the  electromagnetic  spectrum  -  have  shorter  wavelengths 
and  thus  greater  energy  than  visible  light.  Because  soft  x-ray  wavelengths  are  from  50  to  500  times  smaller  than  those 
of  visible  light,  they  can  be  used  to  microscopically  image  objects  much  smaller  than  those  seen  with  the  most 
advanced  optical  microscope.  Soft  x-rays  also  are  absorbed  by  all  but  a  few  of  the  chemical  elements,  thus  making  it 
possible  to  identify  the  composition  of  materials  by  monitoring  their  absorption  of  the  radiation. 

These  two  characteristics  make  a  source  for  producing  this  radiation  an  important  research  tool  in  the  fields  of  material 
science,  spectroscopy,  lithography,  microscopy,  and  medical  imaging.  For  example,  integrated  circuits  fabricated  with 
soft  x-ray  lithography  could  contain  more  than  100  times  as  many  active  electrical  elements  in  the  same  space  as  those 
printed  using  present  methods. 

The  Sandia  researchers,  working  with  Lawrence  Berkeley  Laboratory's  Center  for  X-Ray  Optics,  constructed  a  high- 
fluence,  monochromatized,  tunable  source  of  XUV  and  soft  x-ray  light.  At  Sandia,  researchers  have  used  the  source  for 
experiments  on  advanced  materials,  including  photoresists  and  soft  x-ray  mirrors,  two  of  the  key  components  required 
for  soft  x-ray  projection  lithography. 

Until  now,  users  of  soft  x-ray  and  extreme  ultraviolet  radiation  have  been  able  to  perform  their  experiments  onI>'  at 
large,  federally  funded  synchrotrons  -  machines  that  accelerate  charged  particles  to  very  high  energies  and  produce  \cry 
intense  radiation.  Beam  time  is  limited  and  constraints  are  often  severe  for  users  of  these  facilities.  The  Sandia 
radiation  source  is  the  first  of  its  kind  that  is  small  and  simple  enough  to  be  affordable  to  a  wide  spectrum  of  users,  thus 
allowing  them  to  perform  materials  processing  and  experiments  in  their  own  facilities. 

The  Sandia  source  produces  a  beam  tunable  from  wavelengths  of  40  to  4  nanometers  (photon  energies  from  30  to  300 
electron  volts).  The  instrument  is  based  on  the  principle  that  targets  laser-heated  to  temperatures  in  excess  of  20  elec- 
tron volts  (-200,000  kelvin)  form  plasmas  that  emit  copious  radiation  in  the  ultraviolet,  extreme  ultraviolet,  and  soft  x- 
ray  ranges. 

The  Sandia  researchers  focused  a  commercially  available  150-watt,  pulsed  KrF  (krypton  fluoride)  excimer  laser  to 
produce  a  bright,  XUV  plasma  on  a  rotating,  gold-plated  target  cylinder  in  a  high  vacuum  chainber.  A  portion  of  the 
radiation  emitted  by  this  300-micron-diameter  plasma  was  collected,  monochromatized,  and  focused  with  a  high 
throughput  x-ray  monochromater  adapted  for  this  application  by  the  Lawrence  Berkeley  group. 

The  laser  plasma  source  is  much  more  intense  than  discharge  lamps  or  electron  impact-excited  soft  x-ray  sources.  It 
also  is  continuously  tunable,  whereas  the  impact-excited  line  sources  are  not. 

Glenn  Kubiak,  a  member  of  the  team  that  developed  the  plasma  source,  says  the  instrument  has  produced  a  beam  as 
bright  as  those  produced  at  several  of  the  currenUy  operating  synchrotrons. 
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"Near  100  electron  volts,  our  source  is  as  bright  as  bending  magnet  synchrotron  beamlines,  although  it  does  not  yet 
generate  a  significant  flux  of  x-rays  with  energies  of  at  least  1,000  electron  volts  as  the  synchrotrons  do.  On  the  other 
hand,  a  compact  synchrotron,  without  monochromator,  costs  at  least  $30  million  whereas  the  laser  plasma  source,  with 
monochromator,  costs  $500,000,"  Kubiak  says. 

Other  members  of  the  Sandia  development  team  are  Tim  Tooman,  Kurt  Berger,  and  Todd  Felver.  They  developed  the 
instrument  in  their  work  with  the  Physical  Science  Department  of  Sandia's  Combustion  and  Applied  Research 
Directorate  at  Livermore.  Principal  Lawrence  Berkeley  participants  were  James  Underwood  and  Michael  Hettrick  (now 
with  Hetfrick  Scientific). 

In  September,  the  Sandia/Lawrence  Berkeley  laser  plasma  source  was  recognized  by  Research  &  Development 
magazine  as  of  one  the  "100  most  significant  new  technical  products"  of  1990. 

FOR  ADDITIONAL  INFORMATION:  Public  Information  Division,  Code  3161,  Department  of  Energy,  Sandia 
Nauonal  Laboratories,  Albuquerque,  NM  87185-5800;  (505)844-4207.  Refer  to  announcement  26  No.  3. 


i 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Ionizing  Radiation  Calibration  Program  Available 


NIST  has  established  a  program  to  accredit  laboratories  to  perform  ionizing  radiation  calibration  services  under  the 
National  Voluntary  Laboratory  Accreditation  Program  (NVLAP).  The  program  is  designed  for  users  of  instruments 
to  ensure  the  protection  of  workers  in  medical  facilities,  defense  plants,  and  nuclear  fuel-cycle  operations.  The 
program  was  requested  by  the  Departments  of  Energy  and  Defense  and  other  federal  labs  that  provide  the  types  of 
secondary  calibration  services  included  in  the  program.  Laboratories  will  be  accredited  by  NIST  for  1  year  and  can 
maintain  accreditation  by  demonstrating  compliance  with  NVLAP  criteria  through  on-site  assessment  every  2  years 
and  annual  proficiency  testing. 

FOR  ADDITIONAL  INFORMATION:  For  information,  contact  Nancy  M.  Trahey,  Chief,  Laboratory 
Accreditation  Program,  A124  Bldg.  411,  NIST,  Gaithersburg,  MD  20899;  (301)975-4016,  fax:  (301) 
975-3839. 
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Method  to  Identify  Laser  Light  Sources 
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Figure  1.  Discriminationof  Infrared  Laser 


A  new  method  for  identifying 
unknown  sources  of  laser  light 
using  optically  stimulated 
phosphors  has  been  discovered  by 
scientists  at  the  Naval  Surface 
Warfare  Center  (NAVSWC), 
White  Oak,  Maryland.  The 
technology  is  based  on  the  use  of  a 
single  magnesium  sulfur  phosphor 
that  is  theri.xally/optically  stim- 
ulated to  generate  a  color 
correctable  to  the  incident  laser 
radiation. 

The  phosphor,  after  being 
charged  by  ultraviolet  light, 
exhibits  stimulated  luminescence 
in  a  green  color  when  exposed  to  a 
near-infrared  source  (Nd:YAG 
laser).  The  same  phosphor, 
however,  emits  an  orange-red  color 
for  mid-  to  far-infrared  sources 
(CO2  laser).  Exposure  to  an 
ultraviolet  laser  produces 
luminescence,  which  is  of  orange- 
red  color,  but  with  a  temporal 


profile  similar  to  the  laser. 

A  device  using  this  phosphor  is 
useful  for  detecting  long 
wavelength  infrared  lasers  (Figure 
1).  The  technology  is  also  capable 
of  infrared  laser  diode  beam  profile 
analysis,  since  this  radiation 
source  leaves  an  imprint  on  the 
phosphor  that  can  be 
photographed.  Continued  devel- 
opment of  the  technology  offers 
potential  for  laser  communications 
and  optical  signal  processing 
applications. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  151201/TN 


619 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Licensing 
Opportunity 


Adsorbent  Removes  Traces 
of  Oxygen 

Specially  treated  carbon  extracts  oxygen  from 
gas  mixtures. 

An  adsorbent  selectively  removes  oxygen  from  gas  mix- 
tures, producing  a  gas  containing  less  ttian  1  part  per  billion 
of  oxygen.  The  adsorbent  can  be  used  to  help  prevent  the 
oxidation  of  chemicals  being  prepared  in  dry  boxes  or  to 
extract  undesired  traces  of  oxygen  from  inert-gas  chambers 
in  which  flammable  gases  are  stored. 

The  adsorbent  is  a  carbon  molecular  sieve  containing 
copper  oxide.  In  a  reduced  state,  the  material  has  a  strong 
affinity  for  oxygen  but  rejects  larger  molecules. 

The  experimental  preperation  of  a  specimen  of  the  mate- 
rial began  with  the  addition  of  a  solution  of  1 .0  g  copper 
acetate  in  200  mL  of  methanol  to  2  mL  polyfurfuyl  alcohol 
(PFA).  The  mixture  was  stirred,  then  the  methanol  was 
allowed  to  evaporate  at  room  temperature  for  16  h.  The 
resinous  residue  left  after  evaporation  was  baked  in  flowing 
nitrogen  for  6  h  at  temperatures  that  increased  in  1 00°C  steps 
from  1 00°C  to  600°C.  Pyrolysis  took  place  during  the  baking, 
yielding  the  carbon  molecular  sieve  with  copper  oxide  addi- 
tive. 

The  material  was  reduced  in  a  mixture  of  5  percent 
hydrogen  and  95  percent  argon  for  12  h  at  220°C.  The 
material  was  then  ready  for  testing  as  an  adsorbent  for 
oxygen.  When  the  molecular  sieve  was  exposed  to  a  mixture 
of  1 .2  percent  oxygen  and  98.8  percent  argon  at  a  tempera- 
ture of  220°C,  its  weight  increased  by  1 .8  percent  (see  figure). 
The  gain  in  weight  is  attributable  solely  to  oxygen,  inasmuch 
as  the  adsorption  of  argon  at  that  temperature  is  negligibly 
small.  Similar  tests  with  gases  that  have  large  molecules 
showed  much  less  adsorption. 

Methods  for  the  preparation  of  the  material  have  not  yet 
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been  optimized.  Improvements  that  disperse  the  copper 
oxide  better  in  the  carbon  matrix  are  expected  to  increase  the 
uptake  of  oxygen. 

This  work  was  done  by  Pramod  K.  Sharma  and  Panchalam 

K.  Seshan  ofCaltech  for  NASA's  Jet  Propulsion  Laboratory. 

In  accordance  with  Public  l-aw  96-517,  the  contractor  has 

elected  to  retain  title  to  this  invention.  Inquiries  concerning  rights 

for  its  commercial  use  should  be  addressed  to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NPO-17947/TN. 
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The  Weight  of  the  Carbon  Adsorbent  Containing  CuO  rises  steadily 

in  a  mixture  of  argon  and  oxygen. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director  Technology  Transfer  Division.  PO.  Box  8757. 

BWI  Airport.  MD  21240.  (301)  621-0  WO  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


620 


IWVSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Electrostatic  Stabilization 
of  Growing  Protein  Crystals 

A  proposed  technique 
would  produce  large 
crystals  in  a  compact, 
economical  apparatus. 

A  report  presents  a  concept  for  support- 
ing protein  crystals  during  growth  in  micro- 
gravity.  The  technique  promises  to  yield 
crystals  that  are  larger  and  more-nearly 
perfect  than  are  those  grown  on  Earth.  The 
concept  combines  the  best  features  of  the 
sandwich-drop  and  the  eiectrostatic-levi- 
tation  methods  of  support. 

A  drop  of  protein  solution  would  be  in- 
serted between  a  pair  of  glass  or  plastic 
plates,  as  in  the  sandwich-drop-support 
method.  An  electrostatically  charged  ring 
would  confine  the  drop  laterally  and  shape 
it,  as  in  the  electrostatic  technique. 

The  sandwich  plates  could  be  coated 
with  a  halocarbon  film,  which  would  repel 
the  water-based  protein  solution,  prevent- 
ing it  from  making  direct  contact  with  the 
plates.  The  growing  protein  crystal  would 
therefore  not  be  subject  to  unwanted  nu- 
cleation  from  contact  with  the  plates.  Ex- 
periments have  shown  that  halocarbon 
films  satisfactorily  inhibit  spontaneous 


nucleation;  however,  they  also  destabilize 
the  sandwich  configuration,  causing  the 
drop  to  break  up  or  wander.  Centripetal 
electrostatic  repulsion  by  a  ring  electrode 
would  stabilize  the  drop  without  the  use  of 
wetting  (and  hence  nucleating)  glass  sur- 
faces. 

Unlike  in  the  conventional  electrostatic 
technique,  however,  the  drop  would  not  be 
a  sphere.  It  would  be  cylindrical  with  round- 
ed edges.  The  growing  crystal  could  be 
monitored  optically  through  the  flat  sur- 
faces more  easily  than  through  a  spherical 
surface. 

The  apparatus  would  be  simpler,  less 
costly  and  more  compact  than  that  for 
purely  electrostatic  support  because  elec- 
trodes for  vertical  supporl  along  the  axis 
perpendicular  to  the  planes  of  the  plates 
would  not  be  needed.  The  apparatus  might 
also  be  made  to  accommodate  several 
drops  simultaneously  between  the  same 
pair  of  supporting  plates.  Drops  might  be 


inserted  and  crystals  removed  through 
ducts  in  the  plates. 

If  necessary  to  ensure  adequate  con- 
tainment and  shaping,  a  drop  could  be 
given  an  electric  charge  of  the  same  polari- 
ty as  that  of  the  electrostatic  ring  by  a  mi- 
croelectrode  protruding  from  a  plate  into 
the  solution.  The  microelectrode  might 
also  serve  as  a  point  of  controlled  nuclea- 
tion of  crystals. 

Unwanted  contact  nucleation  might  be 
further  inhibited  by  adding  transparent 
conductive  film  electrodes  to  the  plates. 
The  voltage  between  the  plates  would  be 
adjusted  to  add  to  the  repelling  effect  of  the 
ultrahydrophobic  film. 

This    work    was    done    by   Paul   J. 
Schlichta  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 
NPO-17747/TN 
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FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Techinology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport.  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Platinum/Tin  Oxide/Silica  Gel 
Catalyst  Oxidizes  CO 

High  surface  area  and  cliemisorption  of  water 
contribute  to  effectiveness  and  long  life. 

A  heterogeneous  catalyst  of  platinum,  tin  oxide,  and  silica 
gel  combines  small  concentrations  of  the  laser  dissociation 
products,  CO  and  O^,  to  form  CO22  during  long  times  at 
ambient  temperature.  The  catalyst  was  developed  as  a  means 
to  prevent  the  accumulation  of  these  products  in  sealed  COg 
lasers.  (COg  lasers  are  operated  sealed  in  many  applications.) 

In  a  sealed  COj  laser,  a  small  amount  of  COj  gas  is  decom- 
posed in  the  electrical-discharge  zone  into  corresponding 
quantities  of  CO  and  O^.  As  the  laser  continues  to  operate,  the 
concentration  of  CO2  decreases  monotonically,  while  the  con- 
centrations of  CO  and  O^  increase  monotonically.  As  a  result, 
laser  power  decreases  rapidly  because  fewer  COj  molecules 
can  be  boosted  to  higher  energy  levels  by  the  electrical 
discharge.  The  increasing  concentration  of  O^  also  reduces 
laser  power  because  O^  scavenges  electrons  in  the  electrical 
discharge,  thereby  causing  arcing  and  depleting  the  supply  of 
energetic  electrons  that  boost  COj  molecules  to  lasing  energy 
levels. 

Many  catalysts  must  be  heated  to  elevated  temperatures  to 
combine  the  products  of  dissociation  of  COg  efficiently.  Such 
heating  is  not  allowable  in  the  laser  envelope  because  the  gas 
in  this  envelope  must  be  maintained  at  ambient  temperature 
for  efficient  operation.  A  catalyst  that  must  be  heated  must  be 
located  in  a  recirculating  loop  external  to  the  laser;  this 
requires  a  pump,  heating  system,  and  cooling  system,  all  of 
which  add  to  the  operating  cost.  The  additional  equipment 
also  adds  weight — a  severe  disadvantage  in  airborne  or 
spaceborne  applications. 


The  new  catalyst,  however,  is  effective  at  ambient  operat- 
ing temperatures  and  can  be  installed  directly  in  the  laser  en- 
velope. The  catalyst  was  formulated  to  have  a  very  high 
surface  area  and  to  chemisorb  controlled  quantities  of  mois- 
ture: chemisorbed  water  is  contained  within  and  upon  its 
structure,  making  it  highly  active  and  very  longlived  so  that 
only  a  small  quantity  of  it  is  needed  for  long  times.  The  end 
result  is  an  effective  catalyst  for  the  reaction  of  CO  and  O^  to 
form  CO2  without  introducing,  into  the  CO^  gas.  amounts  of 
water  that  are  deleterious  to  the  operation  of  the  laser. 

777/s  work  was  done  tyy  Billy  T.  Upchurch,  Patricia  P.  Davis, 
and  David  R.  Sctiryer  of  Langley  Research  Center,-  In/in  M. 
Miller  of  Science  and  Technology  Corp.;  and  David  Brown, 
Johin  D.  VanNorman,  and  Kenneth  G.  Brown  of  Old  Dominion 
University  Research  Foundation. 

This  invention  is  owned  by  NASA,  and  a  patent  application 
has  been  filed.  Inquiries  concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development  should  be  addressed 
to  the  Patent  Counsel,  Langley  Research  Center  Refer  to 
U^R-14155rrN. 

Langley  Research  Ctr. 

Technology  Utilization 
Officer  John  Samos 
IVIail  stop  139A 
Hampton,  VA  23665 
Patent  Counsel 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  PO  Box  8757, 
BWI  Airport.  MD  21240;  (301)  621-0100  Ext  241 
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Reactions  of  Atomic 
Oxygen  [0(3P)] 
With  Polybutadienes 

Vinyl  groups  exert  a  strong 
protective  effect. 

A  report  describes  an  experimental 
study  of  the  chemical  reactions  of  atomic 
oxygen  in  the  ground  state  [0(^P)]  with 
polybutadienes  and  related  polymers.  At- 
tention has  been  focused  on  such  reac- 
tions because  of  the  adverse  effects  of  en- 
vironmental atomic  oxygen  on  polymeric 
materials  in  low  orbits  around  the  Earth. 
There  is  a  need  to  study  the  mechanisms 
of  the  reactions  of  O(^)  with  a  family  of 
closely  related  polymers  to  identify  the 
steps  commencing  with  the  initial  attack  by 
oxygen  atoms  and  culminating  in  the  deg- 
radation of  the  polymers. 

The  polymers  selected  for  this  study 
were  cis-  and  trans-1,4-polybutadienes  (CB 
and  TB),  atactic  1,2-polybutadiene  (VB), 
polybutadienes  of  various  1,4/1,2  contents, 
trans  polypentenamer  (TP),  cis-  and  trans- 
polyoctenamers  (CO  and  TO),  and  ethyl- 
ene/propylene rubber  (EPM).  Thin  films  of 
the  polymers  were  cast  on  glass  cover 
slips  and  on  NaCI  and  KBr  disks  from  solu- 
tion in  benzene.  The  films  were  exposed  at 


room  temperature  to  O(^)  generated  by 
a  radio-frequency  glow  discharge  in  Og. 
Transmission  and  ATR  infrared  spectra  of 
the  films  on  the  salt  disks  were  measured 
before  and  after  exposure  to  O(^).  The 
cover-slip  specimens  were  weighed  be- 
fore and  after  exposure  to  determine  the 
weight  losses. 

The  spectra  of  the  CB  and  TB  films  re- 
vealed extensive  etching  but  no  changes 
of  microstructure  within  the  films.  This 
showed  that  the  reactions  were  confined 
to  the  surface  layers.  The  0(3p)  did  not 
induce  cis/trans  isomerization  in  the  re- 
maining CB  and  TB.  From  the  weight-loss 
measurements,  the  rates  of  etching  of  the 
elastomeric  polybutadienes  showed  a 
strong  tendency  to  decrease  with  increas- 
ing vinyl  (or  1,  2)  contents.  The  rates  of 
etching  of  the  polyalkenamers  were  found 
to  increase  with  a  decrease  in  — CH  = 
CH —  unsaturation. 

To  explain  these  findings,  the  authors  cite 
the  Cvetanovic  mechanism:  0('^)  is  added 


to  the  double  bond  to  form  a  transitory 
biradical  adduct,  which  either  rearranges 
to  a  vibrationally  hot  epoxide  or  carbonyl 
product  or  undergoes  pressure-independ- 
ent fragmentation.  The  hot  products  in  turn 
are  either  collisionally  deactivated  to  the 
corresponding  stable  compounds  or  un- 
dergo pressure-dependent  fragmentation. 

The  protective  effect  of  the  vinyls  in 
polybutadienes  is  explained  partly  by 
cross-linking  initiated  through  abstraction 
of  tertiary  hydrogen  atoms  in  the  vinyl 
monomer  units.  The  etch-rate  data  for  the 
polyalkenamers  as  a  function  of  unsatura- 
tion are  attributed  to  a  competition  be- 
tween addition  of  0(^)  to  the  double  bond 
and  abstraction  of  hydrogen,  which  gives 
rise  to  fragmentation  with  high  efficiency 

This  work  was  done  by  Morton  A. 
Golub,  Narcinda  R.  Lerner,  and  Theodore 
Wydeven  of  Ames  Research  Center.  To 
obtain  a  copy  of  the  report,  "Reactions 
of  Atomic  Oxygen  [0(3P)]  with  Polybuta- 
dienes and  Related  Polymers." 
ARC-11851/TN 
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Point-Diffraction  Interferometer  for  Flow  Experiments 

The  optical  train  is  improved  to  accommodate  higher  laser  powers. 


An  improved  point-diffraction  interferom- 
eter can  be  used  in  both  the  real-time  vis- 
ualization and  the  recording  of  supersonic 
and  transonic  flow  fields  about  airfoils  and 
other  test  bodies  in  wind  tunnels.  Unlike 
point-diffraction  interferometers  designed 
for  testing  lenses  and  other  optical  com- 
ponents, an  instrument  to  be  used  in  re- 
cording flows  must  use  short  exposures. 
This,  in  turn,  requires  higher  laser  powers. 
The  optical  train  of  the  new  instrument  is 
designed  to  handle  the  higher  laser  powers 
and  to  use  the  available  light  efficiently. 

The  improved  point-diffraction  interfer- 
ometer is  illustrated  schematically  in  the 
figure.  The  portion  of  the  optical  system 
to  the  left  of  the  receiver  module  is  iden- 
tical to  that  of  a  Schlieren  system.  The 
laser  light  is  spatially  filtered  and  expand- 
ed to  fill  the  lenses  and  mirrors  of  the 
transmitter  system  and  form  a  collimated 
beam,  which  passes  through  the  field  to 
be  tested. 

In  the  receiver  module,  mirror  4  focuses 
the  light  after  it  passes  through  the  test 
section.  After  collimation  by  lens  2,  the 
beam  is  split  by  beam  splitter  1  into  a 
transmitted  beam  and  a  reflected  beam, 
traveling  along  different  optical  paths.  The 
transmitted  beam  is  spatially  filtered  and 
diffracted  by  a  pinhole  to  remove  the  high 
spatial  frequencies  produced  by  the  refrac- 
tive flow  field  in  the  test  section.  This  dif- 
fracted beam  acts  as  the  reference  wave. 
The  reflected  beam  retains  the  wave-dis- 
tortion information  produced  by  the  gra- 
dients of  refraction  in  the  flow  field.  The 
two  beams  are  recombined  in  beam  split- 
ter 2  to  produce  the  interferogram. 

The  system  can  be  aligned  in  the  man- 
ner of  a  common  Mach-Zehnder  interfer- 
ometer. However,  the  optical  components 
in  the  receiver  module  can  be  made  very 
compact  and  are  mounted  rigidly  so  that 
vibration  need  not  be  more  serious  than 
in  a  Schlieren  system.  The  use  of  two 
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The  Improved  Point-Diffraction  interferometer  produces  Interferograms  of  the  flow  in 
the  test  section,  for  both  viewing  in  real  time  and  recording.  The  system  is  relatively 
insensitive  to  vibrations,  but  very  sensitive  to  the  optical  quality  of  the  wind-tunnel 
windows. 


separate  paths  allows  the  reduction  of 
energy  incident  upon  the  aperture.  This 
optical  configuration  permits  the  use  of 
commercially  available  pinholes  that  can 
withstand  the  necessary  high  laser-beam 
energies.  Because  of  the  losses  involved 
in  the  filtering  process,  a  variable  beam 
splitter  can  be  used  instead  of  an  absorb- 
ing substrate  to  maximize  the  use  of  the 
available  light.  Additional  attenuation  can 
be  introduced  to  maximize  the  visibility  of 
the  interference  fringes  and,  hence,  the 
signal-to-noise  ratio.  Both  the  transmitted 
and  reflected  outputs  of  beam  splitter  2 
can  be  used  to  form  the  final  interferogram 
images.  One  image  can  be  used  for  real- 


time viewing  while  the  other  is  being 
recorded. 

This  work  was  done  by  William  D. 
Bachalo  and  Michael  J.  Houser  of  Aero- 
metrics,  Inc.  for  Ames  Research  Center 
Further  information  may  toe  found  in  NASA 
CR-1 77467 [N89-1 6765],  ■'Evaluation  and 
Application  of  a  New  Interferometry  Tech- 
nique for  Compressible  Flow  Research." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No  (703)  487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
ARC-12489ffN 
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Laminar-Separation  Sensor 

An  advanced  method  for  measuring  transitions  resolves  reversals  of  flow  with  high  spatial  resolution. 


Current  research  in  the  reduction  of  vis- 
cous drag  on  airplanes  explores  the  limits 
of  practical  applications  of  natural  laminar 
flow.  To  understand  these  limits  better  ad- 
vanced measurement  techniques  are  re- 
quired to  study  the  characteristics  of  lami- 
nar-to-turbulent boundary-layer  transitions. 
Wind-tunnel  and  flight  tests  have  recently 
been  conducted  by  the  NASA  Langley  Re- 
search Center  to  explore  the  abilities  of 
hot-film  sensors  to  identify  the  separation 
of  laminar  flow  as  the  principal  mode  of 
amplification  of  instability  leading  to  the 
transition  from  laminar  to  turbulent  flow. 
Two  different  laminar-separation-sensor 
configurations  have  been  developed  and 
used  to  detect  boundary-layer  transitions. 

The  laminar-separation  sensors  are 
based  on  the  fact  that  the  airflow  recircu- 
lates, with  reversal,  in  the  laminar  bubble. 
One  sensor  of  this  type  consists  of  a  flush 
array  of  three  parallel  films  oriented  per- 
pendicularly to  the  f reestream  airflow  (U  ») 
as  shown  in  the  figure.  The  middle  film  is 
electronically  heated  by  a  constant-tem- 
perature anemometer  (CTA)  circuit,  so  that 
it  acts  as  a  typical  hot-film  transition  sen- 
sor The  upstream  and  downstream  films 
are  incorporated  into  two  legs  of  a  differen- 
tial bridge  amplifier  circuit  for  use  as  re- 
sistance thermometers. 

During  a  test,  when  the  laminar-separa- 


tion sensor  is  exposed  to  the  flow  of  air, 
heat  is  transferred  from  the  middle  film  to 
either  the  upstream  or  downstream  film, 
depending  on  the  direction  of  the  flow  over 
the  middle  sensor  surface.  The  difference 
between  the  temperatures  of  the  upstream 
and  downstream  films  results  in  changes 
in  the  electrical  resistances  of  the  films, 
which  changes  are  measured  by  the  bridge 
and  a  high-gain  differential  amplifier  The 
direction  of  the  flow  is  then  determined  by 
the  polarity  of  the  output  of  the  amplifier 
which  is  monitored  by  use  of  a  flow-re- 
versal meter  (FRM). 


A  prototype  3-element  laminar-separa- 
tion sensor  was  developed,  followed  by  the 
development  of  a  sensor  array  of  48  ele- 
ments operated  such  that  any  3  elements 
could  be  switched  into  the  CTA/FRM  cir- 
cuitry for  detection  of  separation  of  laminar 
flow.  The  results  of  flight  and  wind-tunnel 
tests  have  shown  the  hot-film  laminar-sep- 
aration-sensor technique  to  be  a  viable 
means  for  detecting  the  existence  of  tran- 
sition as  well  as  for  indicating  reversed 
flow  in  a  laminar-separation  bubble. 

This  hot-film  method  has  overcome  the 
limitations  of  other  intrusive  techniques 
that  disturb  the  boundary  layer  near  the 
point  of  interest.  The  advanced  array  pro- 
vides the  ability  to  acquire  detailed  infor- 
mation about  the  physics  of  laminar-sep- 
aration bubbles.  Refinement  of  the  sensor 
configurations  will  continue  to  provide  the 
tools  necessary  to  explore,  in  all  speed 
regimes,  the  practical  limits  of  laminar-flow 
applications  and  viscous-drag-reduction 
technology 

This  work  was  done  by  G.S.  Manuel. 
D.L.  Carraway,  and  C.C.  Lee  of  Langley 
Research  Center. 
LAR-14314/TN 


Reversed  Flow  in  a  Laminar-Separation 
Bubble  is  indicated  by  the  polarity  of  the 
output  of  the  amplifier. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


625 


IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Computer 
Software 


( 


Computing  Linear 
Mathematical  Models 
of  Aircraft 

Nonlinear  equations  of 
nnotion,  sensing,  and 
control  are  linearized 
about  specified  points. 

The  Derivation  and  Definition  of  a  Linear 
Aircraft  Model  (LINEAR)  computer  pro- 
gram provides  the  user  with  a  pov^erful, 
and  flexible,  standard,  documented,  and 
verified  software  tool  for  the  linearization 
of  mathematical  models  of  the  aerody- 
namics of  airciaft.  LINEAR  is  intended  for 
use  in  the  software  tool  to  derive  linear 
analysis  of  stability  and  the  design  of  con- 
trol laws  for  aircraft. 

Linear  models  of  systems  define  the  air- 
craft system  in  the  neighborhood  of  an 
analysis  point  and  are  determined  by  the 
linearization  of  the  nonlinear  equations  that 
described  the  dynamics  and  the  sensors 
of  the  vehicle.  A  linear  or  nonlinear  aerody- 
namical model  is  supplied  by  the  user  The 
nonlinear  equations  of  motion  involve  six 
degrees  of  freedom  and  assumptions  of 
a  stationary  atmosphere  and  a  flat,  non- 
rotating  Earth.  LINEAR  is  capable  of  both 
extracting  such  linearized  engine  effects 
as  net  thrust,  torque,  and  gyroscopic  ef- 
fects, and  including  these  effects  in  the 


linear  model  of  the  system.  The  point  at 
which  this  linear  model  is  defined  is  de- 
termined either  by  completely  specifying 
the  state  and  control  variables,  or  by  speci- 
fying an  analysis  point  on  a  trajectory  and 
directing  the  program  to  determine  the 
control  variables  and  the  remaining  state 
variables. 

The  system  model  determined  by  LINE- 
AR consists  of  matrices  for  both  the  state 
and  observation  equations.  The  program 
has  been  designed  to  provide  easy  selec- 
tion of  state,  control,  and  observation  vari- 
ables to  be  used  in  a  particular  model. 
Thus,  the  order  of  the  system  model  is 
completely  under  the  user's  control.  Fur- 
ther, the  program  provides  the  flexibility  of 
allowing  alternate  formulations  of  both  the 
state  and  observation  equations.  Data  that 
describe  the  aircraft  and  the  test  case  are 
fed  to  the  program  through  a  terminal  or 
formatted  data  files.  All  data  can  be  modi- 
fied interactively  from  case  to  case.  The 
aerodynamical  model  can  be  defined  in 


two  ways:  a  set  of  nondimensional  stabili- 
ty and  control  derivatives  for  the  flight  point 
of  interest,  or  a  full  nonlinear  aerodynami- 
cal model  as  used  in  simulations. 

LINEAR  is  written  in  FORTRAN  and  has 
been  implemented  on  a  DEC  VAX  com- 
puter operating  under  VMS  with  a  virtual- 
memory  requirement  of  approximately 
296K  of  8-bit  bytes.  Both  an  interactive  and 
batch  versions  are  included.  LINEAR  was 
developed  in  1988. 

This  program  was  written  by  Eugene  L. 
Duke,  Robert  F.  Antoniewicz  and  Keitln  D. 
Krambeer  of  Ames  Research  Center 
ARC-12422/TN 
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equivalent  service,  on  all  shipping. 
For  information  about  one  day  RUSH 
ordering,  call  (800)  553-6847  or 
(703)  487-4650. 


NTIS  PRICE  SCHEDULE* 

Ttnis  schedule  converts  into  actual 
prices  the  price  codes  cited  in  those 
Tech  Notes  having  a  report  available 
from  NTIS. 

Price 

Code  Price 

A01  $8.00 

A02 11.00 

A03  15.00 

A04  through  A05 1 7.00 

A06  through  A09 23.00 

AlOthrough  A13 31.00 

A14through  A17 39.00 

AlSthrough  A21  45.00 

A22throughA25 53.00 

A99  Contact  NTIS 

for  price 

These  prices  are  for  customers  in 
United  States,  Canada,  and  Mexico. 
Other  addresses  should  write  for  the 
price  listing,  number  PR-360-4. 

Prices  effective  January  1 ,  1 991 


t  Purchase  Order  Service:  There  is  a  $7.50 
charge  for  this  service.  It  is  restricted  to 
customers  in  the  United  States,  Canada, 
and  Mexico.  A  late  payment  charge  will  be 
applied  to  all  billings  more  than  30  days 
overdue. 


If  your  address  lable  on  this  Tech  Notes  is  NOT  correct,  call  the  NTIS 
Subscriptions  Department  on  (703)  487-4630. 


1    ADDRESS  INFORMATION 

Last  Name 

Title 

Company/Organization 

Address   


City/State/ZIP 

Telephone  Number . 


2    METHOD  OF  PAYMENT 

Q    Charge  my  NTIS  Deposit  Account    ^ 

□    Check/Money  order  enclosed  payable  to  NTIS  for  $ 

I    I    Purchase  order  ADD  $7.50  per  order  (see  below  for  restrictions)' 
Purchase  order  number 


Charge  my      O  American  Express      □  VISA      □  MasterCard 

Account  Number Exp. 

Signature 


(Required  to  validate  order) 


3    ORDER  SELECTION  (Use  only  for  reports  stated  as  available  from  NTIS) 
NTIS  Order  Number                                                            Price  *             Quantity          Total  Price 
/NAC 

"  /NAC 

/NAC 

/NAC 
/NAC 


Handling  fee           $300 
Total      
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(703)  487-4630 

For  Tracing  an  Order 
(703)  487-4660 

For  Editorial  Questions 
(703)  487-4805 

Postage: 

NTIS  uses  First  Class  Delivery,  or 
equivalent  service,  on  all  shipping. 
For  information  about  one  day  RUSH 
ordering,  call  (800)  553-6847  or 
(703)487-4650. 


NTIS  PRICE  SCHEDULE* 

This  schedule  converts  into  actual 
prices  the  price  codes  cited  in  those 
Tech  Notes  having  a  report  available 
from  NTIS. 

Price 

Code  Price 

A01   $8.00 

A02  11.00 

A03  15.00 

A04  through  A05 1 7.00 

A06  through  A09 23.00 

AlOthrough  A13 31.00 

A14through  A17 39.00 

A18through  A21  45.00 

A22  through  A25 53.00 

A99  Contact  NTIS 

for  price 

These  prices  are  for  customers  in 
United  States,  Canada,  and  t^exico. 
Other  addresses  should  write  for  the 
price  listing,  number  PR-360-4. 

Prices  effective  January  1 , 1 991 


t  Purchase  Order  Service:  There  is  a  $7.50 
:harge  for  this  service.  It  is  restricted  to 
■"customers  in  the  United  States,  Canada, 
and  Mexico.  A  late  payment  charge  will  be 
applied  to  all  billings  more  than  30  days 
overdue. 


If  your  address  lable  on  this  Tech  Notes  is  NOT  correct,  call  the  NTIS 
Subscriptions  Department  on  (703)  487-4630. 

1    ADDRESS  INFORMATION 

Last  Name  


Title 

Company/Organization . 
Address   


City/State/ZIP 

Telephone  Number . 


2    METHOD  OF  PAYMENT 

I    I    Charge  my  NTIS  Deposit  Account    ~ 

I    I    Check/Money  order  enclosed  payable  to  NTIS  for  $ 

Q    Purchase  order  ADD  $7.50  per  order  (see  below  for  restrictions)* 
Purchase  order  number 


Charge  my      □  American  Express      O  VISA      □  MasterCard 

Account  Number Exp. 

Signature 


(Required  to  validate  order) 


3    ORDER  SELECTION  (Use  only  for  reports  stated  as  available  from  NTIS) 
NTIS  Order  Number  Price'  Quantity  Total  Price 

/NAC 


.  /NAC 
/NAC 


/NAC 


/NAC 


Handling  fee  $3.00 


Total 
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